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INTRODUCTION 
Sustainable agriculture is the appropriate use of crop and 
livestock systems and agricultural inputs supporting those 
activities which maintain the economic and social viability 
while preserving the high productivity and quality of natural 
resources (Leopold Center, Iowa State University, Ames, Iowa). 
The 1980s were a time of change in United States agriculture. The 
environmental consequences of agriculture have also become increasingly 
important. The protection of natural resources has high priority 
nationally, within the state, and in our communities. A need exists to 
educate our young people on the proper protection of our natural 
resources so that they may initiate efforts that will contribute to 
providing a safer environment in the future. 
Since Iowa is an agricultural state, people in the state know that 
agriculture must assume responsibility for prudent management of our 
natural resources since they play a vital role in our lives. As our per 
capita use of our natural resources increases, our standard of living 
becomes more and more dependent upon an adequate supply of these 
materials. 
The issue of environmental conservation has received much publicity. 
Barrick stated that (7, p. 1): 
Americans are more concerned than ever about the quality 
of their lives. We've come to expect the highest possible 
standard of well-being for ourselves and our children, and any 
threat to that well-being, real or imagined, evokes a strong 
response. 
Naturalists and conservationists are becoming concerned by the lack of 
public awareness concerning the ecological imbalance in public awareness 
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of and commitment to ecological balance. Barrick (7) implied that the 
1990s will be the decade of the environment. Satchell (105) contended 
that environmental protection and improvement will become a global issue. 
Allison and Carrington (2) suggested that movements must be directed 
toward changing public values and positive decision-making by the public 
concerning conservation issues. Ferguson (39) stressed that educational 
efforts are needed to facilitate environmentally sound and economically 
feasible decision-making. With the proper education, young and old can 
become conscious of natural resources distribution throughout the world. 
Education can help them understand environmental issues and involve them 
in learning activities that emphasize sustainable agriculture practices. 
Three recent studies indicated a void in Iowa's formal education 
system with regard to instruction of environmental issues as related to 
agriculture. The first study by Whent and Williams (130) surveyed Iowa 
secondary school agriculture students and teachers. This study revealed 
that Iowa high school students were "undecided" or only "slightly agreed" 
with the following statements; 1) nature replaces top soil slowly; 
2) the majority of the soil conservation practices are costly; 3) soil 
erosion harms wildlife; 4) soil erosion pollutes water; and 5) most 
farmers manage the application of agricultural chemicals to prevent water 
pollution. 
The second study by Andrews (3) investigated the attitudes of 
selected Iowa farm operators toward soil and water conservation. 
Findings from this study indicated that farmers agree on several points: 
1) soil erosion is a problem; 2) sustaining water quality is a public 
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concern; 3) more education on conserving natural resources is needed; 
4) rigid water quality standards are needed; and 5) the quality of rural 
groundwater is threatened by contamination. 
The third study by Bruening (20) in 1989 analyzed the perceptions of 
soil conservation district commissioners and other farmers in Iowa 
regarding the use of selected soil and water conservation practices and 
to identify the implications of these perceptions for educational 
practice. Findings from this study indicated that respondents perceived 
groundwater contamination as a serious problem and more precise education 
concerning agri-chemical management was needed. 
Changes in agriculture have made it necessary for teachers to use 
up-to-date materials in order to provide appropriate learning experiences 
for students. Agriculture will continue to change in the future, and 
students will need to master new information to accompany those changes. 
Teachers will need to continuously search for a variety of instructional 
materials and references which can be used to supplement their teaching. 
Learner needs must be identified as concepts instructors should 
emphasize. Tyler (122) pointed out the importance of developing 
curriculum materials based on needs of learners, society, and the subject 
matter. 
Educators Bruce (19), Ridenour (99), Urbanic (124), and Gliem (44) 
have stressed the need for evaluating the educational values of materials 
before they are marketed. Kowalka (63) suggested that instructional 
materials be tested and revised before they are distributed among 
teachers. Birkenholz (9) emphasized that materials should also be 
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developed which incorporate current educational technology and a variety 
of instructional methods. He further emphasized that the use of high-
quality instructional materials was shown to increase the effectiveness 
of teaching in Iowa vocational agriculture programs. 
Educators face a growing body of complicated information and 
knowledge. It has become evident that students need vast amounts of 
information to function in today's society. As the level of technology 
increases, students must possess the ability to process increasing 
amounts of complex information and knowledge. 
Students are required to be prepared to effectively function in 
their future jobs in today's society. Vast amounts of substantial 
factual information and general principles have been presented to 
students in the past. Glaser (43) indicated that this can be classified 
as "passive knowledge"—knowledge that students receive and express, but 
cannot use effectively for thinking and learning. Present educational 
systems have placed most emphasis on skills with very general 
significance, such as reading, writing, and mathematics while overlooking 
skills in reasoning, thinking, and general problem solving. 
Student success depends on how well they use their thinking skills 
to work with and solve problems. It is important that they be able to 
apply knowledge already known, to evaluate their thinking, and to change 
their behavior as a result of this process. The importance of 
intelligent thinking is a growing concern at all education levels. 
Schmidt and Hunter (108) in 1981 indicated that job performance can be 
directly related to basic cognitive skills and abilities. A 1984 
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National Academy of Science (84) report concluded that these abilities 
may account for as much as one-third of the productivity differences 
between workers. 
Educators should set the goal to help students develop higher 
cognitive skills of being independent learners and critical thinkers and 
to use the knowledge they have acquired. The National Commission of 
Excellence in Education (85) in 1983 indicated that educators should be 
striving toward higher goals of thinking, learning, and problem solving. 
With this trend, student effectiveness in using critical thinking skills 
will be influenced by the tendency they have toward acquiring and 
processing information. Learning styles are often associated with the 
overlap between individual differences in academic abilities and 
personality characteristics. Teaching students how to think and learn 
independently will increase their power to think and learn outside the 
classroom. It is vital that these skills become familiar tools for 
students to use. This is vital for the continuance and progress of 
agricultural knowledge. 
A new revolution is taking place in the schools of America. With 
the arrival of the '90s, also came the realization that technology is now 
sufficiently advanced to not only change the course of education, but to 
shape the future of all educational efforts. As the door to the twenty-
first century is beginning to open, education and educators must be 
prepared to cross the threshold and lead students into the technical 
world of tomorrow. 
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One such technology is the computer. Computer usage in the 
classroom is increasing rapidly. Agriculture teachers are learning that 
computers are an effective tool in presenting and reinforcing facts, 
details, and basic information necessary to master a subject. These uses 
can be an aid in the development of lower-order thinking skills as 
presented in Bloom's (12) taxonomy of learning. Students using the 
computer learn at their own pace and with its endless patience assures 
success. 
In the development of higher-order thinking skills, students still 
need to have the knowledge, basic mathematics, and language upon which to 
build. Davidson (28) stressed that computers can be effectively used in 
all curricula. The computer, a tool, can help students at all points of 
learning as they develop both lower- and higher-order thinking skills. 
Dryer (33) further related that increased growth of student gains can be 
expected, as well as increased time-on-task. 
The development of instructional materials to meet the changing 
needs of students and society is a continuing process. There is a need 
for extensive evaluation of instructional materials. Tyler (122, p. 105) 
stated that: 
Many variables make it impossible to guarantee that the actual 
learning experiences provided are precisely those that are 
outlined in the learning units. It is important to make a more 
inclusive check as to whether these plans for experiences 
actually function to guide the teacher in producing the sort of 
outcomes desired. As a result of evaluation, it is possible to 
note in what respects the curriculum is effective and in what 
respects it needs improvement. 
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In simple terms, evaluation, if designed adequately, will identify 
strengths and weakness with the curriculum. To design instructional 
materials to meet the rapidity of change in our daily lives and our 
increased dependence on modern technology is one of the greatest 
challenges facing our agriculture instructors today. 
The purpose of this study was to evaluate the effectiveness of an 
instructional unit on sustainable agriculture using a computer program as 
a tool to increase environmental awareness, enhance understanding of 
environmental problems, and promote the resolution of environmental 
issues in educational settings. 
The specific objectives of this study were to: 
1. Determine the educational value of an instructional unit as 
sustainable agriculture as measured by student and teacher 
perceptions. 
2. Determine the effectiveness of a computer-assisted instructional 
unit as measured by student knowledge of sustainable 
agriculture. 
3. Identify student characteristic and situational variables that 
contribute to student knowledge of sustainable agriculture. 
4. Identify teacher characteristic and situational variables that 
contribute to student knowledge of sustainable agriculture. 
5. Identify student and teacher characteristics and situational 
variables that affected student knowledge of the content in the 
sustainable agriculture instructional unit. 
8 
REVIEW OF LITERATURE' 
The purpose of this chapter is to present research results about 
experimental evaluations of instructional materials and other information 
supporting the need for such research. Published and unpublished 
literature was reviewed in order to become fcuniliar with, and to acquire 
an understanding of, information relating to this study. 
Related Research 
Changes in society needs must come through a corroborative 
educational effort of all involved. Education can be defined as the 
process of changing the behavior of people. McNeil stated that (78, 
p. 4) ; 
The best interests of Americans lie in providing students 
.with a curriculum that is fixed on the future—on what is 
possible and potential. 
Changes in agriculture have made it necessary for teachers to use 
up-to-date materials in order to provide appropriate learning experiences 
for students. Instruction in agriculture has become diversified within 
the past decade. The Vocational Education Act of 1963 (95) and the 1968 
Vocational Education Amendments (123) provided for opportunities that 
would improve the quality and broaden the scope of vocational educational 
programs. As a result, agriculture programs have undergone many changes. 
These changes also have increased the need for development and use of 
instructional materials. 
Volumes of curriculum materials have been developed and 
disseminated. Educators generally agree that development, distribution. 
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and use of instructional materials alone is not adequate. Instructional 
materials need to be evaluated through carefully designed experiments to 
determine their educational effectiveness before they are distributed for 
use in the classroom. Geesey (42, p. 17) described the need for 
evaluation of instructional materials when he stated that: 
Considerable effort and expense goes into the development 
and production of instruction materials, but their impact on 
the effectiveness of instruction is often neglected. Testing 
of instructional materials should be pursued to determine 
learning specific to the instructional materials used with a 
specific unit of curriculum. 
Geesey noted that available materials had been developed and in some 
cases revised from suggestions gleaned from supervisors, teachers, and 
professional employees in the field. He maintained this was not enough 
and suggested that it was more important to measure their effectiveness 
before the materials were used in the classroom. Findings from 
McCormick and Cox (74) also indicated that many of these new materials do 
not undergo an evaluation to determine if they accomplish their 
objectives. 
New efforts are needed to help agricultural education programs 
throughout the nation in their search for suitable curriculum to better 
prepare students for a wider sector of agriculture. Passow (89) noted 
that educators have been forced to take a hard look at the quality of 
education in this country and to determine what measures must be taken to 
achieve the educational excellence the public experts. 
The development of suitable curriculum to meet the needs of today's 
students and society is a continuing process. Geesey (42) indicated that 
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as a result of mandated diversification of instruction in agriculture, it 
has become more important for students and teachers to have access to 
quality instructional materials in an era of rapid technological 
advancement. 
Whent and Williams (130, p. 5) supported this when they stated that: 
With the present natural resources concerns, new 
legislation related to natural resources, and public skepticism 
about new technologies, the time is right and the need is 
eminent for the expansion of agriculture education on 
environmental issues. However, most vocational agriculture 
programs of the Midwest do not include programmatic units of 
instruction in environmental conservation. Educational 
offerings are necessary to provide an orientation to and 
development of skills and knowledge in environmental 
conservation needed by people in agriculture. Such instruction 
should be designed to build upon existing environmental 
conservation abilities and skills possessed by high school 
agriculture students. 
They further noted that it has been a challenge for agriculture curricula 
to keep up with modern agriculture science. 
More flexibility in curriculum, program design, and the requirements. 
and activities of the FFA are essential. If agriculture programs are 
narrowly focused, students receive an unrealistic view of agricultural 
job prospects. As we build in flexibility, a need will then exist to 
expand the scope of curriculum material evaluation. Evaluation should 
include changes in student knowledge, but also include changes in 
relevant attitudes and competencies. Knowledge alone should not be the 
sole criterion for evaluation. 
Ridenour noted the need for curriculum material development from a 
practical perspective when he wrote (99, p. 9): 
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Because of the limitations of time, teacher ability, and 
the infeasibility of one person becoming proficient in so many 
specialized subject matter areas, there has long been a 
recognized need for providing help to teachers in the form of 
instructional materials...(to) eliminate the wasted duplication 
of search time for instructional materials by teachers. 
He implied that evaluations need to be conducted to determine the effect 
of materials on the teaching-learning process. This would allow 
materials which improve the efficiency and/or effectiveness of the 
educational process to replace materials which prove to be less efficient 
or effective. In such evaluations, consideration should be given to the 
effect on student learning, as well as the ways the materials contributed 
to a teacher's ability to provide quality learning experiences. 
Numerous studies have been conducted to determine what teachers are 
using in the classroom. Pennsylvania agriculture teachers were surveyed 
by Hilton (50) in 1975 to identify their attitude toward dissemination of 
selected instructional materials. He concluded that teachers selected 
units based on the content and method of presentation. Furthermore, he 
observed that teachers want complete units with teaching-learning 
activities. Hilton noted that teachers desired dissemination of 
materials on a direct, one-to-one basis or through a workshop setting. A 
later study by Gamon and Burton (41) found that teachers who attended an 
in-service in 1987 implemented the new instructional unit over twice as 
often as teachers who did not attend. Among the reasons identified by 
teachers who chose not to teach the new instructional materials were: 
1) other topics deserved higher priority; and 2) teacher knowledge was 
not enough to teach the subject. One may conclude that in-service 
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training on new instructional materials may help teachers utilize the 
materials sooner and more effectively. 
During 1976, Tillman (120) surveyed Virginia agriculture teachers to 
determine their perceptions of material which were developed and 
disseminated by the Agricultural Education Program Area at Virginia 
Polytechnic Institute and State University. Teachers responding to the 
survey rated each of the materials as "good." Tillman further determined 
that teachers desired materials containing transparency masters, student 
workbooks, tear-out pages, and teachers' keys. 
A study by Dillon and Blezek (31) revealed that 98 percent of 
Nebraska vocational agriculture instructors used prepared teacher core 
curriculum materials, and 75 percent used student core materials to some 
extent in their programs. A 1985 Florida study by HcGhee and Cheek (76) 
found that approximately 70 percent of the fundamental competencies in 
agricultural mechanics were being taught by 50 percent of the teachers. 
A later study in Louisiana by Kotrlik, Parton, and Lelle (62) found that 
almost 72 percent of the topics in the basic curriculum were being 
taught from the Vocational Agriculture II curriculum. It can be assumed 
that a need exists for these materials and that teachers do use 
instructional units when they fit or can be modified to fit their 
specific objectives. 
The effectiveness of various media used in the educational process 
have been addressed by various research studies. Kahler (59) used an 
experimental evaluation to evaluate eight instructional techniques in 48 
agriculture programs in Iowa. He found no differences in student 
13 
achievement due to the instructional methods used. Zikmund (134) found 
no differences in the aspirations, understandings, or attitudes of 
Nebraska students when instruction consisted of viewing a slide/tape 
presentation. 
Warfel (127) used an experimental study to compare the use of 
lecture-filmstrip versus lecture-demonstration instructional methods. He 
concluded that the lecture-filmstrip method was no more effective than 
the lecture-demonstration method. 
A Mississippi study by McCully (75) in 1981 compared independent 
study to group study methods. McCully reported no significant difference 
between the independent study and group study methods. Richards and 
Reneau (98) found no difference in achievement of students using 
slide/tape media and those students using printed material/lecture. 
Scanlon and Newcomb (106) found that task instruction sheets help 
contribute to greater student achievement by organizing and structuring 
both the laboratory and classroom portions of instructional units. They 
noted that teachers felt that task instruction sheets helped make the job 
of teaching easier, created minimal additional work, and provided 
accurate information. 
A posttest-only control group design was used by Howard and Yoder 
(52) in 1987. They found no significant differences between the effect 
of microcomputer-assisted instruction and the lecture-discussion 
technique of delivering instruction to ninth grade agriculture students 
in Pennsylvania. Another posttest-only group design study was conducted 
by Birkenholz, McCaskey, Stewart, and Ogle (10) in 1987 to assess the 
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effects of utilizing microcomputer-enhanced strategies in teaching 
secondary agriculture students. The data revealed no difference in 
student achievement between the microcomputer-enhanced teaching 
strategies compared with each other or a lecture-discussion teaching 
strategy. 
It can be concluded from these studies that the method of 
instruction is not a significant factor in student learning. It should 
be noted that teachers need to vary their instruction techniques to 
provide a wider range of learning environments. Keefe (60) related that 
teaching methods, strategies, and techniques should be varied to reflect 
the different ways that individual students acquire knowledge and skills. 
The use of the classroom teacher to evaluate new instructional 
materials is not new. Warmbrod (128) suggested classroom teachers were 
in a unique position to evaluate new instructional materials in the 
situation for which they were intended. Geesey (42, p. 17) emphasized 
the importance of evaluating instructional materials in the classroom 
when he wrote, "The impact of new instructional materials on the 
teaching-learning process should be quantified by classroom testing." 
Ridenour and Wooden (100), Gliem (44), and Kaas (58) concurred that 
effect on student achievement should be a prime criterion for evaluating 
curriculum materials to determine their true educational value. Bristol 
(18), Chall (24), Cromwell (27), Phipps (91), and Wall (126) suggested 
that additional criteria be used for evaluating instructional materials. 
These criteria included: 1) subject matter content, 2) readability, 
3) organization, 4) up-to-dateness, 5) format, 6) usability, and 
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7) adaptability to teaching methods. Tyler (122, p. 105) indicated the 
need for effective evaluation when he wrote: 
...many variables make it impossible to guarantee that the 
actual learning experiences provided are precisely those that 
are outlined in the learning units. ...The process of 
evaluation is essentially the process of determining to what 
extent the educational objectives are actually being realized 
by the program of curriculum and instruction. 
Experimental evaluations have been used for the most part in 
evaluation of instructional materials. Borg and Gall (14) noted in 1983 
that experimental evaluations are used since they are the most precise 
means of establishing a cause and effect relationship. Student 
performance is one commonly used measure of the effectiveness of 
instructional materials since it is an indication of how much is being 
learned and how well the objectives are being achieved. For 
instructional materials to be effective, a set of measurable objectives 
must be developed. McGhee and Cheek (77) noted in 1988 that these 
objectives should be based in part upon competencies that experts in the 
field and representatives of industry recognize as necessary for 
employment. Testing students to measure student mastery of instructional 
objectives has commonly been used to evaluate student learning, but tests 
can also be used to evaluate effectiveness of the instructional unit. 
Ivens (57) referred to tests composed of valid items keyed to a set of 
specific measurable objectives as criterion-referenced tests. Tyler 
(122) indicated in his writings that it was important to know where the 
students are at, both in the beginning and the end. Tyler wrote (122, 
pp. 105-106); 
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This conception of evaluation (pretest-posttest) has two 
important aspects. In the first place, it implies that 
evaluation must appraise the behavior of students, since it is 
change in these behaviors which is sought in education. In the 
second place, it implies that evaluation must involve more than 
a single appraisal at any one time since to see whether change 
has taken place, it is necessary to make an appraisal at an 
early point and other appraisals at later points to identify 
changes that may be occurring. 
He further noted that without knowing where the students were at the 
beginning, it is not possible to tell how far changes have taken 
place. 
Many researchers have used the pretest-posttest experimental design 
to investigate the effectiveness of instructional materials. In an early 
experimental study, Ehresman (34) in 1966 evaluated the effectiveness of 
structured, printed instructional materials on agricultural cooperatives. 
A pretest-posttest design was used. In order to identify the 
effectiveness of his experimental variable, Ehresman compared student 
knowledge of cooperatives as measured by a criterion-reference test. He 
reported no significant difference in the mean posttest scores of 
students. He found, however, favorable reaction from teachers using the 
structured instructional materials. Ehresman (34) concluded that 
structured source units may be a valuable aid because they would help 
teachers save time in planning and preparation. 
In 1967, Baker (6) conducted an experimental study to measure the 
effectiveness of instructional units and approaches to teaching and 
learning. Ohio students completed a posttest to measure student 
understanding of the contents of the units. He concluded that developed 
instructional units did enhance understanding. 
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Relmold (97) developed and tested a nematode unit In high school 
biology and agriculture classes In 1976. His findings indicated there 
was a significant positive correlation between students' posttest scores 
and their I.Q., class rank, and pretest scores. 
Forty beginning agriculture classes in Iowa were randomly selected 
by Briers (17) in 1978 to participate in a pretest-posttest control group 
experimental design to investigate the effectiveness of an instructional 
packet on supervised occupational experience (SOE). Briers used an 
objective test to evaluate student knowledge of SOE, student attitudes 
towards SOE, and student SOE program planning inventory. Briers' study 
revealed that the experimental group scored higher than the control on 
all three posttest measures. 
A 1980 Virginia study by Allison and Carrington (2) used a pretest-
posttest control group design to evaluate an environmental education 
materials. Pretest and posttest measures of knowledge were collected. 
The data Indicated that there was a statistically significant difference 
between the experimental and control groups and significant change from 
pretest to posttest. 
An Iowa study by Townsend (121) in 1981 evaluated the effectiveness 
of an instructional packet developed for teaching beginning agriculture 
students about leadership and FFA. An objective test, student attitude 
inventory using a 7-point Likert scale, teacher questionnaire of 
demographic information, and FFA chapter activity inventory were used. 
Townsend found no significant difference in student knowledge scores 
between the groups. 
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A pretest-posttest control group design was used by Birkenholz (9) 
in 1982 to evaluate an instructional unit on agriculture/agribusiness 
management. Student achievement was measured by a criterion-referenced 
test, student attitude was measured using a semantic differential 
technique, and two teacher data instruments were used to collect general 
and specific information. Neither group received in-service training. 
The experimental group scored higher on the knowledge test than students 
in the control group. Birkenholz found no significant difference in 
student attitude. 
A 1988 Florida study consisting of a posttest single group design by 
McGhee and Cheek (77) assessed the level of student mastery of 
fundamentals of agribusiness and natural resources occupations. Student 
level of mastery was measured using a criterion referenced test. They 
also compared level of mastery with student demographic variables, 
determined whether or not competencies identified in the instructional 
materials were being taught in the schools, and determined the percentage 
of time, as indicated by teachers, that was necessary to cover the 
materials. Findings showed that as students increased in year of school, 
they performed better on the criterion-referenced test. Previous 
enrollment in agricultural classes did not influence achievement on the 
test. The study also revealed that students in FFA had significantly 
higher scores than students not in FFA. Students planning to attend 
post-secondary education scored significantly higher than those who did 
not plan to pursue post-secondary education. 
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Another post-test single group design study conducted in Louisiana 
by Kotrlik, Parton, and Lelle (62) in 1986 found that students had 
similar test scores to the McGhee and Cheek (76) 1985 study. FFA members 
scored significantly higher than nonmembers, and students with SOE 
projects scored significantly higher than students without SOE projects. 
They observed no significant differences among student scores by teacher 
variables. 
In 1988, McCormick and Cox (74) conducted a multiphased study in 
Arizona to develop and evaluate instructional resource units. A pretest-
posttest single group repetitive design was used during the nine years of 
the study. They found that the effects of in-service training received 
by teachers on student understanding was significant. These findings 
support previous studies reported by McCormick (72, 73). 
A study conducted by Whent (130) during the fall and winter of the 
1989-1990 school year evaluated the effectiveness of an environmental 
conservation technology instructional unit. The effectiveness of the 
unit was measured in terms of students' knowledge of environmental 
conservation technology, students' attitude toward natural resources, and 
teachers' attitudes toward natural resources and teaching environmental 
conservation technology. A pretest-posttest control group design was 
used. The experimental group received the instructional unit and an in-
service; the control group received only a list of environmental 
conservation technology lesson titles and objectives to guide their 
teaching. Findings from the study revealed that the instructional unit 
and in-service were effective in increasing student knowledge of 
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environmental conservation technology. Knowledge of technology for 
managing and conserving natural resources increased in both the control 
and experimental groups. The experimental group scores increased 
significantly in their knowledge of environmental conservation 
technology. The instructional unit was unsuccessful in significantly 
changing students' attitude toward natural resources. 
Much has been written on the subject of evaluating and selecting 
instructional materials for use in agriculture classes. Seeley (109) and 
Reimold (97) indicated the need for intelligent selection of effective 
methods and appropriate materials for each learning situation, as well as 
the need for periodic re-evaluation and revision of teaching materials to 
maintain the needs of today and the future. Instructional materials 
must, however, reflect changes in more than technological information. 
Instructional materials should be used as catalysts which implement 
learning more readily. Without effective instruction materials, learning 
will most likely be hampered to some degree. 
The majority of research studies have been unable to detect 
significant increases in student achievement when comparing one type of 
material with another. All studies reviewed indicated that curriculum 
materials were generally successful in enhancing the learning process and 
contributed to student achievement. Some of the instructional materials 
were more efficient than others relative to the planning and preparation 
time required to use such materials. Townsend (121) found instructional 
materials could help teachers better organize their instructional 
programs and would help them save valuable time. 
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Changes in agriculture have made it necessary for teachers to 
continuously search for a variety of instructional materials and 
references to supplement their teaching. New instructional materials 
should be adopted only when they exceed the quality, value, or overall 
effectiveness of the instructional materials currently in use. This 
effectiveness can only be determined through carefully designed 
evaluation studies which determine the effectiveness of instructional 
materials in increasing knowledge and skill and bring about behavioral 
changes desired by teachers. 
Related Literature 
Life in Iowa, the United States, and throughout the world is 
changing every moment of our lives. The things we need to know and the 
resources we have to use are constantly shifting as the world turns 
around us. Humans have the gift of intelligence—the ability to learn 
and know. As we go about our daily lives, we must wonder if we are doing 
our part to preserve and enhance the environment. Plants, animals, 
insects, soil, water, and air must be kept in reasonable balance or all 
will suffer. Our intelligence can be used to improve our environment, 
thus improving the quality of our life. 
The 1980s have produced rapid changes in U.S. agriculture. 
Financial viability of many farms and rural communities declined as crop 
prices and land values fell. The environmental consequences of farming 
have also become increasingly important to policymakers, farmers, and the 
public. The Board of Agriculture for the National Research Council (13) 
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indicated that the U.S. Environmental Protection Agency (EPA) has 
identified agriculture as the largest nonpoint source of surface water 
pollution. Soil erosion is another concern in many states. 
Reducing the environmental consequences of farming is one of the 
goals of agricultural producers. Many agricultural producers have begun 
to adopt sustainable agriculture practices with the goals of reducing 
input costs, preserving natural resources, and protecting human health. 
Sustainable agriculture is not a single system of farming practices; it 
includes a wide range of farming systems. Successful sustainable 
agriculture producers do what all good managers do—they apply management 
skills and information to reduce costs, improve efficiency, and maintain 
production levels while protecting the environment. 
Environmental concerns were at the forefront of many policy 
decisions. Recent farm legislation, such as "Food Security Act of 1985," 
provided incentives to remove highly erodible land from cropping by 
paying farmers not to plant these acres. With the advent of the 
Conservation Reserve Program (CRP), highly erodible land was taken out of 
production and planted to trees, grass, or wildlife cover. 
In much of the midwest, agriculture is the major land use and is 
also the major contributor to nonpoint source pollution. This type of 
pollution is very complex. In order to make reasonable decisions in 
practicing sustainable agriculture, producers must first understand what 
the pollutants are and how they enter our waters. Major nonpoint source 
pollutants are sediment, nutrients, pesticides, bacteria, and oxygen-
demanding substances. 
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Sediment, soil out of place in water, is a major problem due to the 
damage it can cause to the ecosystem. The presence of nutrients and 
pesticides which are attached to soil can be detrimental to the 
environment. Wade and Heady (125) estimated that $1 billion annually can 
be attributed to sediment pollution. The quality of our water, both 
groundwater and surface, have recently become issues in rural America. 
The Iowa Department of Natural Resources (DNR) (55) identified three 
reasons why groundwater quality is important in Iowa. Those reasons as 
listed by the DNR are (55, p. 1): 
1. Groundwater supplies drinking water for about 80% of all 
lowans and for virtually all private rural users. 
2. Groundwater contamination can affect ecosystems of plants 
and animals, because groundwater often recharges lakes and 
streams. 
3. Iowa's economy depends on groundwater for over three-
fourths of the water used for livestock, irrigation, and 
commercial purposes. 
Iowa's water quality problems have continued to increase. In a 
press release printed September 13, 1989, in the Story City Herald (116), 
the Iowa DNR indicated that spills and leaks of toxic chemicals have 
contaminated local groundwater throughout the state. During a six-year 
period from 1981 to 1986, more than 2,400 chemicals or fuel spills were 
reported in Iowa. The number of spills increased every year. The number 
of reported leaks from underground tanks have affected public water 
supplies in eight communities. Fifty-nine drinking water wells across 
the state have been contaminated by abandoned hazardous waste disposal 
sites. 
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Results from a study conducted in northeastern Iowa at the Big 
Springs area in Clayton County by Hallberg (47) revealed that nitrate 
levels appeared to have tripled since 1968. The most likely cause 
appears to be linked to the increase of nitrogen fertilizers. Also, 
three commonly used herbicides. Lasso, Bladex, and Atrazine, appeared. 
Hallberg wrote (47, p. 31); 
This trend in nitrogen use is obviously not unique to the 
Big Spring Basin. The increase in fertilizer usage in the Big 
Spring simply parallels the trends for Iowa and the nation as a 
whole. 
The 1987 Iowa Groundwater Protection Strategy Report (54) indicated 
an increase in nitrate concentrations in groundwater has resulted in 
about 26 percent of Iowa's population being served by high nitrate 
surface water or groundwater. Also, it reported that 27 percent of 
lowans periodically consumed pesticides in their drinking water. 
Contamination of groundwater by pesticide has become a major concern 
for many people. A survey conducted by Lasley and Bultena (67) found 
that 61 percent of Iowa farmers indicated that greater regulation is 
needed in the use of chemicals in agriculture. Sixty-three percent of 
these same farmers indicated that the government should impose stricter 
testing of chemicals before they are released. The Freshwater Foundation 
(40) and Hallberg (48) both contended that when drinking water becomes 
contaminated, it may be hazardous to human health. 
The Pes Moines Register (117) reported on October 3, 1989, that 
pregnant women in Iowa may be endangering their unborn children by 
drinking water contaminated with agricultural and other chemicals. The 
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article was based on preliminary results of an University of Iowa study 
conducted by Peter Isacson. The news article indicated that Isacson 
found an increase in the number of underweight babies born to women whose 
drinking water comes from surface waters, such as rivers and lakes, or 
shallow aquifers because these sources are more likely to contain traces 
of herbicides, pesticides, and chlorination by-products than water from 
deep aquifers. A few months later, the Pes Moines Register (118) 
reported tens of thousands of rural lowans were using wells contaminated 
with pesticides, nitrates, or bacteria. The article was based on a 
statewide survey conducted by the Iowa Department of Natural Resources 
and the University of Iowa's Center for Health Effects of Environmental 
Contamination. The article indicated that the survey found nearly 35-40 
percent of all lowans were using drinking water that contained some 
detectable concentrations of pesticides during the course of a year. 
Nitrate contamination was also reported as being widespread and at levels 
of immediate concern. 
A 1989 study by Bruening (20) indicated that respondents perceived 
groundwater contamination as a serious problem statewide, as well as in 
their own area of the state and more precise education concerning agri-
chemical management was needed. Bruening stated that (20, p. 154): 
"Students could play a major leadership role in the adoption of 
conservation plans by determining needs of farms within their school 
districts." 
As agriculture is faced with change, so are our schools. A new 
revolution is taking place in the schools across the nation. With the 
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arrival of the 1990s came the realization that technology is now 
sufficiently advanced to change education and shape the future of all 
future educational efforts. The twenty-first century is the opening of a 
door from which learners of today will enter the technical world of 
tomorrow. 
New instructional technology has become increasingly available for 
use in the classroom. Educational leaders have implied that this new 
instructional technology and its application in the classroom is of 
crucial importance to educators and those with an interest in education. 
McCarney (71) suggested shifting education from a labor-intensive 
emphasis and implies that this could best be accomplished through the 
classroom use of new technology such as computers and video cassette 
recorders. 
Since the introduction of microcomputer technology, computers have 
been associated with problem solving, thinking, critical thinking, and 
higher order thinking. These catch phrases are often used 
interchangeably in the discussion about the kind of learning outcomes we 
prefer our students to demonstrate. Ennis (38) stressed that the role 
computers can and should play in thinking skills development depends upon 
the definition.of thinking skills. Nickerson, Perkins, and Smith (88) 
argued that thinking skills are general and thus transferable strategies 
that can be directly taught. McPeck (79) countered that thinking 
strategies and skills are intimately linked to the structure of knowledge 
in each content area. A third view by Perkins and Salomon (90) proposed 
that generalizable "thinking" strategies exist, but are tempered by the 
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subject matter in which they are applied. To examine the power of the 
computer as a tool for thinking, it may be necessary to understand the 
particular kinds of thinking skills and processes that arise in specific 
curriculum areas. The key word is "tool." During a presentation at the 
Fall Meeting of the Computer Using Educators, Kelman (61) noted that 
educators should determine what computer tools are needed to address 
task, problems, or concepts in the curricula. 
Doyle (32) conducted a 1990 interview of a rural North Dighton, 
Massachusetts, middle school teacher about computers in the classroom. A 
classroom teacher, Ray Medeiros, was quoted by Doyle to have said that 
(32, p. 4): 
...with tools such as computers and interactive software 
programs, students experience learning in a tactile and visual 
way, and they are stimulated by the control and immediate 
feedback such technology offers. 
Microcomputer technology offers an educationally viable and cost-
effective tool to increase student learning. Microcomputers provide 
visual and auditory stimulation to children who are often easily 
distracted and have difficulty paying attention. Wilson stated that 
(132, p. 22): 
When they are using a microcomputer, children do not feel 
the need to impress a machine and are less likely to be 
embarrassed by wrong answers. 
Mandinach (70) used simulation construction software to teach 
subject matter content and a systems analysis approach to problem 
solving. Findings indicated that the effectiveness of the program varies 
according to curriculum area. This would seem to support the argument 
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that a particular kind of thinking may be better suited to some subjects 
than to others. 
Tierney (119) investigated the effect of generic word-processing and 
graphics software on students' thinking when writing. Findings indicated 
that students demonstrated a greater tendency to reflect on their 
writing. This may be attributed to the ease of constructing and sharing 
text. While this is encouraging, it does not necessarily demonstrate a 
computer advantage for acquiring thinking skills. 
A national microcomputer study in agriculture programs by Miller and 
Kotrlik (81) reinforced the fact that microcomputers are an important 
educational tool in the modern agricultural classroom. They reported 
that 39 percent of the respondents had computers in their classrooms, 
which indicates significant numbers of agriculture teachers utilize the 
rapidly emerging education technology. 
Another national study by Zidon (133) centered on the need, use, and 
value of computers in high school agriculture programs. His study 
revealed that teachers generally agreed with statements that indicated 
students need to use computers in agriculture classes. Additional 
findings revealed that computers were most often used in crop and 
livestock production. 
In various research studies connected with Apple Computer's Apple 
Classroom of Tomorrow (ACOT), Arruzza (4) reported that students in ACOT 
classes are much more motivated than students in other classes. Teachers 
are still necessary to bridge the gap between computers and instruction. 
Teachers will need to redesign curriculum to take advantage of the 
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computer, or select instructional units designed to work with the 
computer. 
St. Onge (113) reported that schools using the Excellence-Plus 
Integrated Curriculum (EPIC), a complete computer assisted instructional 
system designed to achieve total mastery of both basic and higher order 
thinking skills, found that it can be a powerful tool to help students 
learn. In Ohio, students who scored in the 36th percentile or lower on 
the Iowa tests was referred to EPIC. Out of the 186 students, 74 percent 
gained two months in reading and math for every one month they spent in 
the program. 
Use of computers in education is not new. In fact, computer usage 
in classrooms has increased immensely. Educators have found that 
computers can be an effective tool in presenting and reinforcing facts, 
details and basic information necessary to master a subject. Educators 
are now designing instructional units to utilize the computer as a tool 
in developing both lower- and higher-order thinking skills. Lower-order 
thinking skills provide the foundation for the higher-order thinking 
skills. Lower-order thinking skills consist of: 1) knowledge—the 
ability to recall specific bits of information; 2) comprehension—the 
simple understanding of knowledge; and 3) application—the ability to 
use knowledge in new situations. Higher-order thinking skills consist 
of: 1) analysis—the ability to construct new things by applying 
several separate principles or ideas; 2) synthesis—the ability to 
construct new things by applying several separate principles or ideas; 
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and 3) evaluation—the capacity to make value judgments about these 
ideas. 
The National Commission on Excellence in Education (85) report 
recommended the return to a stronger program of basics in education. 
Computer education was one of the endorsements. The report noted that 
(85, p. 26): 
...understand the computer as an information, computation, 
and communication device; use the computer in the study of 
other Basics and for personal work-related purposes; and 
understand the world of computers, electronics, and related 
technologies. 
A later report from the Committee on Agricultural Education in 
Secondary Schools (25) issued a similar recommendation for agricultural 
educators. The report (25, p. 5) suggested that "teachers should seek 
out and share high-quality computer software and instructional 
materials...for instructional application." 
The use of computers as a teaching tool allows teachers to match 
learning styles of students as well as provide a varied activity to 
maintain the interest of students. Kozma and Bangert-Drowns (64) cited 
the computer as the most important development in information technology. 
They wrote (64, p. 1) that, "Computers may change the ways students study 
and learn and, perhaps, even the way they think." Rodenstein and Lambert 
supported this in their writings when they wrote that (102, p. 41): 
Computerized instruction should be included in secondary 
vocational agriculture programs to teach computer literacy, a 
needed skill in agricultural occupations, and to enhance 
student learning. 
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Pratt (3, p. 200) further noted that,."Computer-based instruction is 
capable of great variety and considerable adaptation to the individual 
learner." 
Instructional units with well-designed software can instruct the 
student, elicit a response, and provide positive reinforcement or 
corrective feedback. Students who require multiple repetitions to 
grasp a concept benefit greatly from use of the computer by allowing the 
student to learn at his or her own pace. Microcomputers can make 
instruction more fun, not only for the student, but for the teacher as 
well. 
Microcomputers are but tools to be used in education. The 
computer's role in the learning process is highly varied and 
multifaceted. Knowledge and skills make up each academic discipline. 
The student progresses from a simple knowledge of the subject to the 
acquisition of more sophisticated skills, thus allowing for 
interpretation, evaluation, and utilization of the material. Zidon (133, 
p. 115) supported this when he wrote that: 
Consideration should be given to the increased use of computer 
programs such as spreadsheets and data bases to teach problem 
solving with computers. 
Computers are commonly used in the context of work where software 
tools are used to create, analyze, and communicate information. Students 
frequently suffer from poor self-images and need infusions of positive 
experiences to build confidence in their abilities to succeed in the 
adult world. Computers can be used to foster an understanding of real-
life situations because of their capacity for simulation and because they 
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themselves are Important tools for the solution of a variety of 
interesting real world problems. Greenman (46) administered a pretest 
and posttest to check students knowledge of European geography. He noted 
students' knowledge improved noticeably when using the computer-based 
problem solving geography unit. 
The rapid change in technology will not change our purpose in 
agricultural education, but it is likely to affect both agriculture and 
our agricultural education programs. Technology can be used to help our 
students in providing the link between agriculture and education. 
Williams, Badrkhan, and Daggett (131) viewed one such technology as the 
computer. Technology can also be used to help our students in providing 
the link between education and the world of work. Seidel stated that 
(110, p. 20), "Computers are a major component of the work environment to 
help solve problems." The rapid change in technology can be used to our 
advantage. It will provide the link between our students, education, and 
society in developing thinking skills. 
Various reports (Adler (1), Boyer (15), Goodland (45), and National 
Commission on Excellence in Education (85)) advocating educational reform 
have recommendations aimed at students. In general, they found the 
quality and the quantity of instruction the students received was 
lacking. Among the concerns identified by these educational reports was 
the lack of skills which students need to be able to properly cope with 
everyday life situations. The reports concluded that students do not 
graduate competent at problem solving, critical thinking, or higher order 
thinking. 
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Much attention has been directed to the promotion of the need to 
teach critical and creative thinking in education as indicated by Butts 
(21), Moses (83), Presseisen (94), and Shanker (111). Moses (83) 
concluded the importance of critical and creative thinking to motivation 
when he related that learners should be allowed to learn by pursing their 
interests. He suggested that this can only be accomplished if students 
achieve thinking skills. Ritter (101) implied that the motivated student 
is one who believes learning is personally important, and who feels that 
learning is positively associated with self-concept. The expertise of 
thinking appears to be closely associated with motivation as well as 
pursuit of interests. The development of these skills will lead to the 
development of imaginative, creative thinkers who will be competent in 
drawing conclusions from what they read. 
Students in agriculture today are preparing to cope with a rapidly 
changing world. This preparation is needed in order for them to be 
competent in their future jobs and rolep in society. In the past, 
students have been presented substantial amounts of factual information, 
general principles, and methods needed to prepare them for future 
undertakings. Glaser (43) referred to this as "passive knowledge"— 
knowledge that students receive and express, but cannot use effectively 
for thinking and learning. In the past, this passive knowledge has been 
the backbone of our educational systems. Skills involving learning, 
reasoning, thinking, and general problem solving have generally been 
neglected. Today's fast moving society still requires passive knowledge, 
but reasoning, thinking and learning skills are very much in demand due 
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to new technology and the complex problems facing us in the world of 
work. 
Educators and researchers (Cowan and Clary (26), McTighe and 
Schollenberger (80), Arter and Salmon (5)) have argued that the single 
most important basic skill is the development of problem solving 
abilities are needed to enhance critical thinking and higher order 
thinking to solve everyday life situations. 
The National Commission on Excellence in Education (85) issued a 
challenge to educators to include the higher goals of thinking, learning, 
and problem solving. Teaching students how to think and learn 
independently allows them to use their power to think and learn outside 
of the classroom. With the vast changes coming to agriculture in the 
next few years, it is vital that new members of our society (today's 
students) be able to utilize knowledge and thinking skills as familiar 
tools for the preservation and advancement of agricultural knowledge. 
As changes occur in our work areas, we are faced with the ever 
increasing need to use the learning, reasoning, thinking, and general 
problem solving skills obtained during our education. Schmidt and Hunter 
(108) reported that basic cognitive skills and abilities were directly 
related to job performance. Educators have the opportunity to help 
students develop the higher cognitive skills associated with being 
independent learners and critical thinkers so they may use the knowledge 
they have acquired. 
Several authors (Hammonds and Lamar (49), Moore and Moore (82), 
Dickerson (30)) have made reference to using problem solving as a primary 
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tool for learning. They contended that the problems must represent real 
life situations and draw upon the student to use reasoning and processing 
skills. Agricultural education has centered on problem solving for many 
years. Lancelot (65), an early promoter of problem solving in 
agricultural education, indicated that a problem was merely a thought 
question of relatively broad scope which brings about inductive reasoning 
or judgment and creative thinking. Dickerson (30, p. 6) supported this 
when he stated, "...[problem solving] has become almost synonymous with 
agricultural education." 
In the past, agriculture teachers have centered part of their 
students' learning around problem-solving. Newell and Simon (87) 
indicated that problem-solving can be broken into four steps. The first 
step is representing the problem. This involves perceiving, defining, 
and organizing all of the various factors found in the problem situation, 
categorizing and establishing the context of the problem, and selecting 
an appropriate classification for the problem. Reducing the problem is 
the second step. Finding and identifying the details of the problem at a 
more specific level is the main concern at this step. Key elements of 
cause and effect relationships, goals, and available resources are 
identified. The third step involves the selection of a method or methods 
to use in determining a solution. The final step, generating and 
evaluating solutions, occurs when the method is applied. Bransford and 
Stein (16, p. 19) supported this approach when they wrote, "...human 
beings seem to need to break human complex problems into component parts 
in order to succeed." 
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The five dimensions of problem-solving put forth by Bransford and 
Stein (16) in The IDEAL Problem Solver consisted of: 1) identifying the 
problem; 2) defining the problem; 3) exploring strategies; 4) actively 
applying these strategies; and 5) looking at the effects. 
What type of knowledge is needed by students to effective solve 
problems? Glaser (43) and Larkin (66) have contended that both 
procedural and conceptual knowledge are needed to solve problems well. 
Procedural knowledge merely represents knowledge about the application of 
what the individuals know while conceptual knowledge is composed of 
facts, principles, and concepts. Larkin (66) indicated that knowledge is 
more retrievable when it is assembled into categories with identifiable 
signs. 
The problem solving approach to teaching has been one of the 
fundamental approaches of vocational agriculture instruction. Numerous 
studies (Newcomb and Trefz (86), Cano (22), Pickford (92), Cano and 
Martinez (23), Rollins, Miller and Kahler (104)) indicated that students 
of agriculture tend to score at higher percentages than students in other 
disciplines such as science (Billeh (8)), English (Purves (96)), and 
social studies (Hunkins (53)) at the higher lives of cognition. 
Rollins, Miller, and Kahler (104) concluded that agriculture 
students were able to think critically through problem situations using 
another form of measurement. Utilizing the Watson-Glaser Critical 
Thinking Appraisal, the findings support the conclusion that agriculture 
students are able to think critically at the various levels (measured by 
percent correct). This seems to indicate that the problem solving 
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approach may Increase agriculture students' critical thinking 
ability. 
Cano and Martinez (23) conducted a study to determine the extent to 
which students in vocational agriculture programs were performing at the 
various levels of cognition utilizing Bloom's Taxonomy (11). They 
concluded that ninth grade students' scores were significantly different 
than twelfth grade students on the Developing Cognitive Abilities Test. 
Additional research by Cano (22) in 1988 supported this finding. 
However, there was no significant difference in the critical thinking 
abilities of the high school students among grade levels. 
What is critical thinking? Ennis (35) attempted to define critical 
thinking as "the correct assessing of statements." Before Ennis, Dewey 
(29, p. 3) wrote that thinking was intended to "change his own personal 
ways until they become more effective; until...they do better the work 
that thinking can do and that other mental operations cannot do so well." 
As critical thinking evolved, Sternberg and Baron (114) provided a 
significant connection linking problem solving with critical thinking. 
Sternberg and Baron (114, p. 42) contended that critical thinking skills 
included the abilities to "define and clarify, judge information, and 
infer-solve problems, and draw reasonable conclusions." Ennis (37, p. 
45) further refined his working definition of critical thinking to 
include "reflective and reason thinking that is focused on deciding what 
to believe or do." 
As agriculture students are faced with the increase in knowledge 
needed to function in today's society, they must depend more and more on 
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practical knowledge learned in the classroom. Sternberg and Caruso (115) 
defined practical knowledge as any information that is useful in one's 
everyday life. They further contended that practical knowledge must be 
procedural rather than declarative and the knowledge must be relevant to 
one's everyday life. Sternberg and Caruso identified three ways to 
acquire practical knowledge: 1) direct learning, 2) mediated learning, 
and 3) tacit learning. Practical knowledge can be applied through 
adaptation, shaping, and selection. 
Lacking knowledge in a subject matter area cannot be compensated for 
by critical thinking skills. Ennis (36) found that to apply the 
principles of critical thinking a level of competency over and above 
knowledge was required. This supports the fact that a good knowledge of 
the subject matter, experience in the area in question, and good judgment 
is essential for the successful application of critical thinking skills. 
One can conclude that critical thinking skills can be taught within 
established subject matter areas rather than as an individual subject. 
Conclusions formed by Rollins (103, p. 92) from his study with Iowa 
secondary agriculture students supported this when he stated that: 
Given the basic tenets of agricultural education, its 
problem solving approach to instruction, and the evidence 
provided in this investigation, agriculture students in Iowa 
are developing critical thinking skills but at surprisingly low 
levels of development. 
He further contended that the level of critical thinking in secondary 
agriculture students in Iowa is related to their level of academic and 
educational achievement and their predominant learning style. His 
findings showed that Iowa agriculture students preferred interactive and 
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experiential learning activities. Rollins (103) concluded that the use 
of appropriate instructional methods to stimulate students with various 
learning styles will enhance student learning and their levels of 
critical thinking. 
As students in agriculture today prepare to cope with a rapid 
changing world, the use of critical thinking can help them to be 
competent in their future jobs and roles in society. The use of critical 
thinking skills, along with the vast amounts of factual information and 
general principles present to them, will better prepare them for future 
undertakings. 
The review of literature indicates that educators have been and 
continue to be concerned about the quality of instructional materials 
used by agriculture teachers. They emphasized the need for evaluation of 
instructional materials before such materials are disseminated among 
teachers and students. 
Different results have been observed from experimental studies. 
Some have shown positive results on student achievement; others have 
indicated little effect on student achievement. Collectively, studies 
reviewed indicated that properly constructed materials and carefully 
designed experiments tended to result in detectable differences in 
achievement. 
Researchers have used a variety of procedures in their experiments. 
The pretest-posttest design was used more frequently than others. The 
effectiveness of instructional materials was usually measured by 
criterion-referenced achievement tests developed by the investigators. 
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Several researchers used teacher in-service as an experimental 
treatment. Although this helped teachers become more familiar with the 
materials, it was not found to significantly increase student achievement 
in the experiment. 
Educators were in agreement that development, distribution, and use 
of instructional materials is not adequate. Recommendations have been 
made for instructional materials to be evaluated before being distributed 
through carefully designed experiments. 
The use of technology in the classroom is increasing. Educators 
indicated that computers can be used to increase problem solving, 
thinking, critical thinking, and higher order thinking skills of 
students. Technology will help students by providing the link between 
agriculture and education. 
Educators are preparing students to be competent for future jobs and 
roles in society. As students move into today's fast moving society, 
their need for reasoning, thinking, and learning skills will be in great 
demand. The development of critical thinking skills along with factual 
knowledge will greatly help to insure student success. Agriculture will 
continue to change in the future, and students will need to master new 
information to accompany those changes. 
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METHOD OF PROCEDURE 
The purpose of this study was to evaluate the effectiveness of an 
instructional unit on sustainable agriculture using a computer program to 
increase environmental awareness, enhance understanding of environmental 
problems, and promote the resolution of environmental issues in 
educational settings. This chapter describes the procedures followed to 
satisfy the purpose and objectives of this study. 
Definition of Terms 
Sustainable Agriculture—"the appropriate use of crop and livestock 
systems and agricultural inputs supporting those activities which 
maintain the economic and social viability while preserving the high 
productivity and quality of natural resources" (Leopold Center (69, p. 
2 ) ) . '  
Learning Style—"preferred technique, method, or environment chosen 
to acquire knowledge, process information, or formation of ideas and 
judgments" (Lawrence (68, p. 2)). 
Critical Thinking—"reflective and reasonable thinking that is 
focused on deciding what to believe or do" (Ennis (37, p. 45)). 
Agriculture Students—Iowa students enrolled in agriculture in the 
9th, 10th, 11th, and 12th grades participating in this study. 
Agriculture Instructors—Instructors teaching in the schools 
selected for this study. 
School—Secondary schools in Iowa in which the study was conducted. 
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Problem Solving—"A life situation that requires thinking or the use 
of facts in its solution" (Phipps (41, p. 50)). 
Design 
An experimental design was used to evaluate the sustainable 
agriculture instructional unit. Hinkle, Wiersma, and Jurs (51) 
identified a procedure where subjects act as their own controls, making 
it possible to study them under both treatment conditions. The subjects 
are pretested to provide data for the control condition. All subjects 
are then tested after the experimental condition is administered to 
provide data concerning the effect of the experimental treatment. 
Selection of the Sample 
The population for this study consisted of agriculture students 
enrolled in Iowa high schools offering programs in agriculture that had 
adequate computer facilities to support the experiment (N=41). 
Stratified random sampling was used due to the convenience and 
feasibility of selecting groups of individuals rather than to select 
individuals from a defined population. Schaeffer, Mendenhall, and Ott 
(107, p. 199) indicated that where simple random sampling is inconvenient 
or inappropriate, stratified sampling may be used. Stratified sampling 
makes use of knowledge about the population frequently making the sample 
more representative and generally to increase the probable accuracy of 
the estimates derived from it. 
During the Fall of 1990, a survey was designed to determine the type 
and amount of computer equipment agriculture departments across the state 
43 
had access to, either in their classroom or in computer laboratories. 
The survey was distributed during the Fall district agriculture 
instructor meetings. The survey (Appendix A) explained that a "user 
friendly" computer program was in the process of being developed by the 
Agriculture Education and Studies Department which would provide students 
with problem-solving and decision-making experiences in selecting "best 
management practices" to prevent groundwater contamination, sustain 
natural resources, and conserve energy. 
The survey further explained that the instructional package 
containing teaching objectives and outline, suggested activities, visual 
masters, student activities and handouts, suggested references, and a 
computer program would be field tested in the classroom during the Spring 
of 1991. Respondents completed and returned the survey during the 
meeting. One of the questions contained on the survey—"Are you 
interested in taking part in field testing the Sustainable Agriculture 
materials?"—gave the researcher an indication of which schools to 
contact for field testing. Of the 97 returned surveys, 41 indicated an 
interest in participating in field testing the sustainable agriculture 
materials. 
Borg and Gall (14) indicated a minimum of 15 cases was needed for 
experimental research. From the 41 interested agriculture departments, 
15 primary test sites and 6 alternative test sites were selected by the 
researcher. The 21 test sites represented approximately 8 percent of all 
schools offering agriculture in the state of Iowa. An acceptance letter 
(Appendix A) was sent to inform the test sites of their selection and to 
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verify their continued interest. A self-addressed, stamped return 
envelope was enclosed for return of the agreement and verification of 
computer equipment available to the department. 
Telephone calls were made to each agriculture department to answer 
questions and concerns about the necessary computer equipment and 
computer program. Due to conflicts in instructor's spring schedules, the 
instructors were divided into two groups: those who could attend an 
inservice on March 23, 1991; and those who could not. A reminder letter 
and workshop agenda (Appendix A) were sent to those instructors 
participating in the Sustainable Agriculture Manager (SAM) inservice. 
Copies of the instructional unit were delivered to instructors 
during the workshop. The workshop included an explanation of the 
background and purpose of the instructional unit, evaluation procedures, 
requirements of the participants, an overview of the instructional unit, 
examples of approaches to teaching the lessons, "hands-on" use of the 
computer program, and a discussion period. Instructional materials were 
shipped directly to those instructors not attending. Follow-up telephone 
calls were made to those instructors not attending to address their 
questions and concerns. Additional follow-up telephone calls were made 
to all test sites halfway into the testing period to determine the 
progress at each test site and answer any additional questions. 
Treatment Level 
During the Fall of 1989 and Spring of 1991, the researcher 
identified and developed the necessary information needed to complete the 
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computer program. A demonstration program was developed during August of 
1990. Input was gathered from outside agencies (Soil Conservation 
Service, Department of Natural Resources, Iowa State University Extension 
Service) for improvements. During this process, educational support 
materials were developed to be used with the computer program. A private 
programmer was hired by project staff during the Fall of 1990 to produce 
Apple II and MS-DOS versions of the program, due to the number of 
computers of both kinds used in agriculture departments across the state. 
These two versions were targeted for field testing. A Macintosh version 
was also developed, but not field tested. 
The two test versions (Apple and MS-DOS) were pretested with various 
groups and individuals. The researcher, an agriculture instructor, pre­
tested the materials and computer program with both agriculture and non-
agriculture students at the school where he taught. This feedback gave 
the researcher indications concerning where changes needed to be made in 
both the support materials and computer program. Technical accuracy of 
sustainable agriculture concepts was gained from the Soil Conservation 
Service, Department of Natural Resources, Iowa State University Extension 
Service, and other individuals at Iowa State University. 
The instructional unit entitled "Sustainable Agriculture Manager: A 
Computer Program for Agriculture Education in Secondary Schools" (SAM) 
was developed by Gaylan Scofield, David L. Williams, and Eldon Weber as 
part of a Resource Enhancement and Protection Education Board (REAP) 
research project. The materials developed were designed to be used in 
conjunction with existing materials or as a stand-alone unit. 
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The SAM instruction unit focused on "best management" practices that 
have usefulness in managing and conserving natural resources. Two 
lessons were included in the instructional materials. The first lesson 
centered on designing management systems for sustainable agriculture. 
The two objectives of this lesson were: (1) define sustainable 
agriculture; and (2) design a management system to practice sustainable 
agriculture. The second lesson centered on practicing sustainable 
agriculture. The two objectives of this lesson were: (1) describe 
practices that may be used as parts of a sustainable agriculture system; 
and (2) choose suitable practices for a sustainable agriculture system. 
Lesson plans in the instructional unit included a list of 
objectives, informational fact sheets, an interest approach, visual 
masters, teaching procedures, student activities, and references. The 
instructional unit was designed for approximately 10 periods of 
instruction. The first day of instruction was used for collecting 
demographic data and the introduction to sustainable agriculture. A 
pretest was completed the second day using the Sustainable Agriculture 
Manager computer program in the worksheet mode. The pretest (worksheet 
mode) was designed as a learning tool. After completing the question and 
viewing the information screen and their current score, students were 
given the opportunity to repeat specific questions if they failed to 
select the best management decision. This feature of the pretest 
enhanced the learning taking place at the beginning of the instructional 
unit. A follow-up posttest was administered at the end of the project 
using the Sustainable Agriculture Manager computer program in the test 
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mode. The test mode did not allow students to repeat questions. A 
follow-up posttest was administered at the end of the project using the 
Sustainable Agriculture Manager computer program in the test mode. 
Instrumentation 
Instrumentation was reviewed by departmental faculty and staff for 
face validity. Based upon the. recommendations of these groups and 
pretest findings of the researcher using these instruments with his own 
students, the instruments were revised and finalized for the study. All 
instruments are contained in Appendix B. 
Student instruments 
A Student Participation Form was developed by the researcher to 
collect specific demographic information as well as individual student 
preferences on how they learn in an agriculture course. 
Six questions on the Student Participation Form sought demographic 
information from the respondents in the following general areas: current 
grade level and age; gender; semesters in agriculture; years in the FFA; 
location of home; and size of home farm. Ten questions were formulated 
from a review of literature (Rollins (103)) to determine a profile of how 
students learn. The respondents were asked to indicate their preference 
for learning through various classroom teaching activities. 
The computer program presented a series of questions concerning 
management decisions based on background information related to a farm 
students had inherited. Based on student response, the computer program 
directed the student to the next appropriate question. The computer 
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automatically calculated scores on sustainable agriculture, energy 
conservation, and profitability based on past management decisions. 
Several randomness factors were built into the computer program (weather, 
insect and weed problems, market prices). 
A Student Evaluation Form was developed to measure student ratings 
of the SAM materials used by students. The instrument contained 25 
statements designed to elicit a response for specific items and 3 
statements designed to elicit a response of an overall rating of the 
written materials, computer program, and total package. An additional 
area was made available for additional comments about the materials. 
Instructor instruments 
An Instructor Evaluation Form was developed to measure instructor 
ratings of the SAM materials used by instructor and students. The 
instrument contained 58 statements designed to elicit a response for 
specific items and 3 statements designed to elicit a response of an 
overall rating of the written materials, computer program, and total 
package. Additional information was collected on the number of class 
periods the materials were used, name and level of class that received 
the instructor, time of day the class was taught, length of class period, 
and identification of respondents who had a severe handicap or for some 
reason would do poorly using the materials. Additional space was made 
available for additional comments about the materials. Instructor 
demographic information collected included: age; highest level of 
college education; number of years teaching; number of years teaching at 
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current school; knowledge of using computers in the classroom; knowledge 
of sustainable agriculture; percentage of agriculture curriculum devoted 
to sustainable agriculture; and subject area(s) in sustainable 
agriculture they enjoy teaching the most. 
An Instructor Instruction Sheet was provided giving information 
pertaining to the length of instruction time and general project 
information. 
A Daily Instructional Reporting Form was used by instructors to keep 
a daily log while teaching the instructional unit. The daily reporting 
forms were used to collect qualitative data. Instructors were asked to 
record written comments after completing each day and describe problems 
or successes they may have encountered. These comments were used in 
improving and modifying the instructional materials. 
An Instruction Sheet for recording information from the student's 
cumulative folder on the Student Data Sheet was provided for use by the 
instructor and counseling office. The information requested consisted of 
class rank, cumulative grade point, and scores from the Iowa Tests of 
Educational Development (56). 
A Checklist was provided for the instructor to ensure that the 
necessary materials were returned for analysis. 
Collection of Data 
The following procedures were used in the collection of data for 
this investigation: 
I 
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During the first day, instructors assigned each student a four-digit 
identification number after they informed the students that their 
participation was voluntary. The students indicated their willingness to 
participate by signing the Student Participation Form. The instructors 
then explained the purpose of the study and steps of the process. Each 
student completed Parts I and II of the Student Participation Form. 
On day two, instructors discussed the sustainable agriculture 
definition. Each student received a computer program and data diskette 
with their four-digit identification number. Students then completed a 
pretest on sustainable agriculture using the computer program. 
Sustainable Agriculture Manager. 
After completion of the pretest, the instructor followed a detailed 
instruction plan. This detailed instruction plan included key concepts 
to be discussed about sustainable agriculture and student activities to 
enhance learning of sustainable agriculture vocabulary and concepts. 
After completion of classroom instruction, a posttest was administered 
using the computer program. Sustainable Agriculture Manager. During the 
last day, students and instructors evaluated the instructional 
materials. 
These procedures yielded data from sixteen schools, or a 76.19 
percent return. Five schools failed to complete the test in the required 
time interval. The study included eight schools receiving materials 
during the workshop instruction with 88 students and eight schools 
receiving materials by direct shipment with 84 students. 
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Analysis of Data 
The data gathered from the agriculture instructors and students were 
checked, coded and entered into a data file. If a respondent failed to 
identify their sex or provide sufficient information as to their 
identity, a follow-up telephone call was made to ascertain the 
appropriate information. The statistical procedures used to summarize 
and analyze the data were the following: 
1. Students who had taken both the pretest and posttest were used 
in the analysis. Individual student scores were used to 
generate school means as schools served as the experimental 
unit. 
2. The statistical package used in analyzing the data was the 
Statistical Package for the Social Sciences (SPSS/FC+4.0) (112). 
3. Descriptive statistical procedures used for data analysis 
included frequencies, percentages, means, and standard 
deviations on all of the items on the Student Participation 
Forms, Student Evaluation Forms, and Instructor Evaluation 
Forms. 
4. Inferential analyses were performed using a variety of 
procedures available in SPSS/PC+4.0 (112). Tests for 
significant difference included t-tests and one-way analysis of 
variance. The Scheffe post hoc and Duncan's multiple range 
tests with an alpha of .05 were used to determine where 
differences existed when a significant difference was found and 
more than two groups were being compared. 
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FINDINGS 
The purpose of this study was to evaluate the extent of use and 
effectiveness of an instructional unit on sustainable agriculture using a 
computer program to increase environmental awareness, enhance understand­
ing of environmental problems, and promote the resolution of environment­
al issues in educational settings. The specific objectives of this study 
were to: 1) determine the educational value of an instructional unit on 
sustainable agriculture as measured by student and teacher perceptions; 
2) determine the effectiveness of the instructional unit as measured by 
student knowledge of sustainable agriculture; 3) identify characteristic 
and situational variables that contribute to student success in 
developing knowledge of sustainable agriculture; 4) identify teacher 
characteristic and situational variables that contribute to student 
success in developing knowledge of sustainable agriculture; and 
5) identify student and teacher characteristics and situational variables 
that affected student knowledge of the content in the sustainable 
agriculture instructional unit. The population for this study consisted 
of agriculture students enrolled in selected Iowa high schools offering 
programs in agriculture. 
The findings of this chapter are presented under the following 
headings: Response by School, Description of Participants, Teacher 
Descriptive Information, Reliability of Instruments, Effectiveness of 
Instructional Unit, Student Characteristics and Situational Variables 
that Contributed to Student Success, Teacher Characteristics and 
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Situational Variables that Contributed to Student Success, Other 
Information, and Major Findings. 
Response by School 
Information presented in Table 1 reveals the number of participants 
by school test site. Criteria for schools to participate in this study 
consisted of agriculture course offerings, interest in field testing 
material, and sufficient computers for student use during class time. 
Schools served as the means to reach typical Iowa students enrolled in 
agriculture. 
Two schools (Bloomfield and Charter Oak-Ute) had the lowest number 
of students (2.3%) and West Union school had the highest number of 
Table 1. Response by school 
School Frequency Percent 
Bloomfield 4 2.3 
Chariton 5 2.9 
Charter Oak-Ute 4 2.3 
Decorah 6 3.5 
Jefferson 14 8.1 
Lake Mills 6 3.5 
Letts 6 3.5 
Lonetree 20 11.6 
Marengo 8 4.7 
Milford 8 4.7 
Oelwein 19 11.0 
Oskaloosa 15 8.7 
Pleasantville 7 4.1 
Riceville 9 5.2 
Tipton 15 8.7 
West Union 26 15.1 
Total 172 100.0 
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students (15.1%). A total of sixteen schools completed the testing of 
the Sustainable Agriculture Manager materials. 
Description of Participants 
Descriptive information about the study participants (N=172) is 
provided in Table 2. The tenth grade class was the largest group 
(41.9%), whereas the smallest group (12.8%) was the twelfth grade class. 
Students who were sixteen years old comprised the largest group of the 
students (38.4%). The next largest group was those students 17 years of 
age (26.2%) followed by those who were fifteen years old (20.3%). Male 
students comprised the largest group of participants (84.3%) in this 
study. 
The largest category (37.2%) of participants had been enrolled in 
three to four semesters of agriculture. The smallest category (8.2%) of 
students had been enrolled for seven to eight semesters. A small group 
of students (11.6%) had not been in FFA, whereas slightly over half of 
the students (57.6%) had been in the FFA for one or two years. The 
remaining students (30.8%) had completed three or four years of FFA 
membership. 
Approximately one-half (49.4%) of the students lived on farms and of 
those students, over one-half (65.5%) lived on farms up to 480 acres in 
size. A sizeable group (19.0%) of the students lived on farms over 641 
acres in size, whereas the average farm size was 432 acres. 
Students were placed in three groups of academic achievement—high, 
medium, and low by the researcher based on the range of repeated student 
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Table 2. Description of participants 
Variable Number Percent 
Grade 
9 
10 
11 
12 
Total 
26 
72 
52 
22 
172 
15.1 
41.9 
30.2 
12.8 
100.0 
Age 
14 
15 
16 
17 
18 
Total 
Mean 16.2 Years 
8 
35 
66 
45 
18 
172 
4.7 
20.3 
38.4 
26 .2  
10.5 
100.0 
Gender 
Male 
Female 
Total 
145 
27 
172 
84.3 
15.7 
100.0 
Semesters of agriculture 
1-2 
3-4 
5-6 
7-8 
Total 
Mean 4.1 
52 
64 
42 
14 
172 
30.2 
37.2 
24.4 
8 . 2  
100.0 
Semesters 
Years in FFA 
0 
1 
2 
3 
4 
Total 
Mean 1. 
20 
34 
65 
43 
10 
172 
11.6 
19.8 
37.8 
25.0 
5.8 
100.0 
9 Years 
Place of residence 
City 
Rural/nonfarm 
Farm 
Total 
51 
36 
85 
172 
29.7 
20.9 
49.4 
100.0 
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Table 2. (Continued) 
Variable Number Percent 
Size of farm In acres 
1—160 
161-320 
321-640 
641 and larger 
Total 
Mean 432 Acres 
Academic achievement 
High 
Medium 
Low 
Total 
Mean 2.04 CPA 
21 
34 
13 
16 
84® 
61 
54 
170 
25.0 
40.5 
15.5 
19.0 
100.0 
35.9 
31.7 
32.4 
100.0 
8^8 missing (nonfarm) 
2 missing. 
grade point averages. This grouping resulted in almost equal 
representation in each group with an academic achievement mean of 2.04. 
Table 3 contains student Iowa Tests of Educational Development 
(ITED) scores. Students were placed in three groups—high, medium, and 
low. Groups are determined by dividing the respondents into three equal 
groups based on the range of ITED scores. ITEDs are measures of skills 
which include: understanding the meaning of a wide variety of words 
(Test V-vocabulary); recognizing the essentials of correct and effective 
writing (Test E-expression); solving quantitative problems (Test Q-
c[uantitative thinking); critically analyzing discussions of social issues 
(Test SS-social studies); understanding nontechnical scientific reports 
and recognizing sound methods of scientific inquiry (Test NS-natural 
57 
Table 3. Student academic achievement as measured by Iowa Test of 
Development 
Test section* 
Academic Com-
level E Q SS NS L V SI RT posite 
High N 61 57 62 60 59 66 60 57 55 
% 37.2 34.8 37.8 36.6 36.0 40.3 36.6 34.8 33.5 
Medium 49 56 56 56 63 55 58 63 58 
29.9 34.1 34.1 34.1 38.4 33.5 35.4 38.4 35.4 
Low 54 51 46 48 42 43 46 44 51 
32.9 31.1 28.0 29.3 25.6 26.2 28.0 26.8 31.1 
Total 164 164 164 164 164 164 164 164 164 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
All M^  14.48 16.38 14.20 15.98 13.62 15.50 16.10 14.18 15.41 
students SD° 6.96 11.30 6.22 7.49 6.11 6.06 8.77 6.02 6.84 
(N=164) 
®E = Expression; Q = Quantitative Thinking; SS = Social Studies; 
NS = Natural Sciences; L = Literature; V = Vocabulary; SI = Sources of 
Information; and RT = Reading Total Score. 
M = Mean. 
SD = Standard deviation. 
sciences); perceiving the moods and nonliterary meanings of literary 
materials (Test L-literature); and using a variety of sources of 
information (Test Sl-sourcea of information). The Reading Total Score 
(RT) is based on exercises that require analysis of reading selections 
and include sections from the natural sciences, social sciences, and 
literature tests. 
Students were provided space to comment about the materials they had 
used. Many students indicated studying the unit was fun. Others 
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indicated that it was an informative way to present the material. A copy 
of student comments is contained in Appendix C. 
Teacher Descriptive Information 
Descriptive information about the teachers (N=16) participating in 
the study is provided in Table 4. The teacher group included fifteen 
males (93.8%) and one female (6.3%). The largest group of teachers 
(43.8%) was between the ages of 20 and 30, followed by 36 or older 
(31.3%), and 31 and 35 (25.0%). One-fourth of the teachers had a 
Master's degree (25.0%). 
The largest group (43.8%) of teachers had been teaching agriculture 
for five years or less, followed by those who had been teaching six to 
twelve years (31.2%). The smallest group (25.0%) had been teaching 
agriculture more than thirteen years. The mean tenure in teaching for 
all teachers was 8.4 years. It was noted that teachers who had been 
teaching at their current school for eight or more years (37.5%) made up 
the largest group. The average tenure in teaching at the current school 
was 7.3 years. 
Eight teachers (50.0%) participated in a workshop in the Sustainable 
Agriculture Manager (SAM) computer program and support materials, whereas 
the rest of the teachers (50.0%) received their SAM materials by mail. 
The number of students taught by each teacher was almost equally divided. 
Ten teachers (62.5%) with 94 students (54.7%) utilized the Apple II 
software and six teachers (37.5%) with 78 students (45.3%) utilized the 
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Table 4. Description of teachers 
Variable Number Percent 
Gender 
Male 
Female 
Total 
Age 
20-30 
31-35 
36 or more 
Total 
Mean 33 Years 
Education 
Bachelor's 
Master's 
Total 
Tenure teaching agriculture 
1-5 
6-12 
13 or more 
• Total 
Mean 8.4 Years 
Tenure at current school 
1-3 
4-7 
8 or more 
Total 
Mean 7.3 Years 
Workshop attendance 
Yes 
No 
Total 
Students by teacher workshop 
Yes 
No 
Total 
Type of computer hardware 
Apple II 
MS-DOS 
Total 
15 
1 
16 
7 
4 
5 
16 
12 
4 
16 
7 
5 
4 
15 
5 
5 
6 
16 
8 
8 
16 
88 
84 
172 
10 
6 
16 
93.8 
6 . 2  
100.0 
43.8 
25.0 
31.2 
100.0 
75.0 
25.0 
100.0 
43.8 
31.2 
25.0 
100.0 
31.3 
31.3 
37.4 
100.0 
50.0 
50.0 
100.0 
51.2 
48.8 
100.0 
62.5 
37.5 
100.0 
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MS-DOS software. Both groups utilized the same written support 
materials. 
The teacher survey asked open-ended questions to collect qualitative 
data about the teacher, class and instructional materials. Table 5 
contains teachers' self-ratings of their knowledge of computers in the 
classroom, sustainable agriculture, and percent of curriculum devoted to 
sustainable agriculture. The mean rating for knowledge of computers, on 
a 1-99 scale, was 72.13, their knowledge of sustainable agriculture was 
70.13, and their estimate of the percent of time their agriculture 
curriculum was devoted to teaching sustainable agriculture concepts was 
14.94%. 
Teachers were asked to record the name of the class in which the 
Sustainable Agriculture Manager instructional materials were taught. A 
list of class titles and frequencies is presented in Table 6. 
Table 5. Teacher self-rating means and standard deviations for knowledge 
and use of computers, sustainable agriculture, and percent of 
curriculum devoted to sustainable agriculture 
Knowledge and 
percent Mean 
Standard 
deviation 
(N=16) 
Knowledge in using 
computers in classroom 72.13 16.72 
Knowledge of sustainable 
agriculture 70.13 17.53 
Percent of agriculture 
curriculum devoted to 
sustainable agriculture 14.94 14.00 
61 
Table 6. Title of courses in which the sustainable agriculture unit was 
taught and frequency 
Ten agriculture classes were titled Vocational Agriculture I through 
Vocational Agriculture IV, two classes were titled Agronomy, two were 
titled Agriculture Management, one was titled Agriculture Science, and 
one was titled Pleasure Animal Science. 
. Teachers were asked to rate the appropriateness of the instructional 
level of the SAM materials. All but one teacher rated the materials as 
being appropriate. The results of their ratings are presented in Table 
7. 
Table 7. Appropriateness of the instructional level of the sustainable 
Course title Frequency 
Agriculture Management 
Agriculture Science 
Agronomy 
Pleasure Animal Science 
Vocational Agriculture II 
Vocational Agriculture III 
Vocational Agriculture IV 
Vocational Agriculture III and IV 
2 
1 
2 
1 
4 
3 
2 
1 
agriculture unit 
Level appropriate Frequency Percent 
(N=16) 
Yes 
No 
Total 
15 
1 
16 
93.8 
6 . 2  
100.0 
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Teachers were asked to teach the sustainable agriculture 
instructional unit for ten periods, to report the number of periods they 
taught the instructional unit, and if they did not have enough time, how 
much time they felt would be needed to complete the unit. Table 8 
presents the number of periods used to teach the unit and the number of 
periods they believed were needed to adequately cover the instructional 
unit. The majority of the teachers (81.3%) completed the unit in ten 
days or less, of those that did not, they expressed a desire to use an 
additional four or five days based on their class size and access to 
adequate numbers of computers. 
When asked how their students reacted to the sustainable agriculture 
instructional unit, eleven teachers had positive responses, three 
Table 8. Number of periods teachers taught the instructional unit 
Number of periods Number Frequency 
Periods used 
6 
7 
8 
9 
10 
11 
12 
15 
1 
1 
3 
2 
6 
1 
1 
1 
16 
6.3 
6.3 
18.8 
12.5 
37.5 
6.3 
6.3 
6.3 
Total 
Mean 9.6 Periods 
100.0 
Additional periods needed 
None 
4 
5 
Total 
12 
1 
3 
16 
75.0 
6.3 
18.7 
100.0 
Mean 1.2 Periods 
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teachers had neutral responses, one reported indifference, and one felt 
students did not give it a fair test, since they had covered a lot of the 
material previously. Table 9 contains teacher comments on how students 
reacted to the instructional unit. 
Teachers were asked to keep a daily log of their responses to 
teaching the sustainable agriculture instructional unit. They were asked 
to record what materials and techniques were effective in teaching the 
unit, those that were not effective, and to suggest improvements and 
changes in the materials. A summary of teacher responses to this request 
is contained in Appendix C. 
Reliability of Instruments 
A reliability test of the instruments using Cronbach's procedure 
resulted in an overall alpha level of .95 and a standardized alpha of .95 
for the student instrument. The procedure resulted in an overall alpha 
Table 9. Teacher responses to student's reaction to the sustainable 
agriculture instructional unit 
Student's reactions Frequency 
Positive attitude, did quite well. 
enjoyed the unit, were interested. 
enjoyed working with computer. 
learned a great deal 11 
Neutral 3 
Indifferent 1 
Did not give fair test because of 
previously covering the material 1 
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level of .98 and a standardized alpha of .98 for the instructor 
instrument. A reliability test of the computer scores resulted in an 
overall alpha level of .82 and a standardized alpha of .83. All alpha 
scores recorded were high, indicating that respondents tended to react to 
instrument items similarly. Table 10 contains reliability scores for the 
student instrument, teacher instrument, and computer program. 
Effectiveness of the Instructional Unit 
The first objective of this study was to determine the effectiveness 
of the instructional unit as measured by student knowledge of sustainable 
agriculture. The following tables and description satisfy this 
objective. 
The results of students' rating of the Sustainable Agriculture 
Manager (SAM) materials are contained in Table 11. The high mean score 
(79.18) was observed for "the computer program was fun" followed by "the 
computer program helped to increase your sustainable agriculture 
knowledge" (79.05) and "the computer program screen instructions were 
easy to use" (78.56). The low mean score (63.09) was observed for "the 
Table 10. Reliability scores of instruments 
Instrument Alpha Standardized alpha 
Student .951 .953 
Teacher .980 .982 
Computer .820 .827 
Overall .917 .911 
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Table 11. Means and standard deviations for student ratings of 
sustainable agriculture manager materials 
Standard 
Program component Mean deviation 
While using the Sustainable Agriculture Manager (N=172) 
materials, I found: 
The participant's instructions explaining the 
computer program were easy to understand. 75.08 20.69 
The participant's instructions provided enough 
information to give a thorough understanding of 
how the computer program functioned. 70.58 21.87 
The lesson objectives were clear. 75.75 20.35 
The lesson objectives were attainable. 70.02 20.36 
The lesson objectives helped you make decisions 
in the computer program. 68.93 21.36 
The visual masters provided key concepts needed 
to understand the material. 66.44 21.91 
The visual masters were easy to understand. 70.15 21.00 
The word builder activities were suitable to 
help master the sustainable agriculture vocabulary. 63.09 23.13 
The student activities helped to understand the 
sustainable agriculture concepts presented in 
the computer program. 67.65 23.01 
The introductory information sheets (letters and 
planning worksheet) helped set the stage for the 
rest of the educational unit. 66.72 21.84 
The participant information section was easy to 
read. 70.81 20.34 
R^ange of scale values were: 1 (do not 
agree). 
agree) to 99 (completely 
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Table 11. (Continued) 
Program component Mean 
Standard 
deviation 
The participant information section provided 
enough information on sustainable agriculture to 
effectively complete the computer program. 70.01 19.40 
The underlining of key words in the participant 
information section helped to identify important 
vocabulary words. 71.11 21.16 
The photos contained in the participant information 
section help explain the information presented. 64.94 25.08 
The sustainable practice summary table was easy 
to use. 64.27 24.46 
The sustainable practice summary table was easy 
to understand. 
The glossary was easy to use. 
The glossary provided enough information to 
explain the key vocabulary words. 
63.62 
72.95 
74.78 
24.36 
24.51 
22.61 
The computer program screen instructions were 
easy to use. 78.56 19.28 
The computer program summary screens provided 
enough information to understand how the score 
was determined. 70.01 22.68 
The computer program was fun. 79.18 24.74 
The computer program made learning about 
sustainable agriculture easy. 76.73 22.69 
The computer program helped to increase your 
sustainable agriculture knowledge. 79.05 21.62 
The computer program required you to evaluate your 
decisions before you selected your answer. 76.52 19.61 
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Table 11. (Continued) 
Standard 
Program component Mean deviation 
The printouts of your answers were helpful in 
determining which management decisions needed 
to be changed to improve your scores. 74.93 22.90 
Overall mean 71.28 22.04 
word builder activities" followed closely by "the sustainable practice 
summary table was easy to understand" (63.62). 
The results of teachers' rating of the Sustainable Agriculture 
Manager materials are contained in Table 12. It was observed that 
teachers' mean scores ranged from 58.44 for "the sustainable practice 
summary table was easy for the participants to use" to 87.19 for "the 
computer screen instructions were easy to follow" followed closely by 
"the glossary, was easy to use" (86.50). 
Table 13 reports the overall mean scores for the Sustainable 
Agriculture Manager materials by students and teachers. It was observed 
that students rated the materials lower than did teachers and that both 
students and teachers rated the computer program higher than the written 
materials. The student overall mean score for the written material was 
68.88 compared to 74.94 for the teachers. The overall mean for the 
computer program for students was 77.33, whereas for the teachers the 
mean was 82.50. The mean for the educational value of the total package 
as expressed by students was 77.96 and teachers 80.81. When students and 
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Table 12. Means and standard deviations for teacher ratings of 
sustainable agriculture manager materials 
Standard 
Program component Mean deviation 
While using the Sustainable Agriculture Manager (N=16) 
materials, I found: 
The instructor's guide explaining computer 
operation was adequate. 77.63 14.39 
The general program instructions provided 
sufficient information to use the computer program. 86.44 8.70 
The computer set-up options information was adequate 
to configure the program for your computer system. 86.25 13.92 
The participant instructions provided clear 
step-by-step instructions for the intended users. 78.50 23.84 
The lesson objectives for Lesson 1 were suitable 
for the unit. 76.75 21.28 
The lesson objectives for Lesson 1 matched the 
content of the computer,program. 75.75 17.50 
The visual masters for Lesson 1 were easy for the 
participants to understand. 78.88 14.44 
The visual masters for Lesson 1 were suitable 
for the participants. 80.63 18.01 
The activities for Lesson 1 were suitable for 
the unit. 72.75 21.13 
The activities for Lesson 1 were suitable for 
the participants. 70.50 22.09 
The activities for Lesson 1 helped participants 
master the concepts presented. 67.31 21.59 
The information sheets for Lesson 1 were suitable 
for the unit. 74.19 17.43 
*Range of scale values were: 1 (do not agree) to 99 (completely 
agree) 
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Table 12. (Continued) 
Standard 
Program component Mean deviation 
The information sheets for Lesson 1 were suitable 
for the participants. 63.00 23.76 
The information sheets for Lesson 1 provided 
enough information for participants. 70.38 20.65 
The interest approach for Lesson 1 was adequate. 67.25 20.89 
The interest approach for Lesson 1 was suitable 
for the participants. 65.38 26.04 
The interest approach for Lesson 1 supported the 72.88 13.00 
lesson objectives. 
The teaching procedures for Lesson 1 were clear. 68.50 24.51 
The teaching procedures for Lesson 1 provided 
enough detail. 64.44 22.22 
The teaching procedures for Lesson 1 matched the 
lesson objectives. 70.00 18.44 
The lesson objectives for Lesson 2 were suitable 
for the unit. 71.63 21.88 
The lesson objectives for Lesson 2 matched the 
content of the computer program. 76.50 19.96 
The visual masters for Lesson 2 were easy for 
the participants to understand. 75.56 18.88 
The visual masters for Lesson 2 were suitable 
for the participants. 79.81 17.27 
The activities for Lesson 2 were suitable for 
the unit. 68.00 19.25 
The activities for Lesson 2 were suitable for 
the participants. 65.63 21.59 
The activities for Lesson 2 helped participants 
master the concepts presented. 66.81 21.02 
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Table 12. (Continued) 
Standard 
Program component Mean deviation 
The information sheets for Lesson 2 were suitable 
for the unit. 78.94 13.04 
The information sheets for Lesson 2 were suitable 
for the participants. 73.19 18.39 
The information sheets for Lesson 2 provided 
enough information for participants. 80.69 12.43 
The interest approach for Lesson 2 was adequate. 69.69 19.88 
The interest approach for Lesson 2 was suitable 
for the participants. 66.94 22.79 
The interest approach for Lesson 2 supported 
the lesson objectives. 74.75 14.39 
The teaching procedures for Lesson 2 were clear. 72.00 20.28 
The teaching procedures for Lesson 2 provided 
enough detail. 71.19 21.25 
The teaching procedures for Lesson 2 matched 
the lesson objectives. 77.19 15.91 
The participant information section contained 
the right amount of information. 79.44 13.85 
The participant information section contained 
information suitable for the participants. 77.25 15.67 
The participant information section was easy 
to understand. 75.38 16.46 
The participant information section supported 
the unit objectives. 80.06 13.86 
The participant information section contained 
enough information to explain sustainable 
agriculture. 80.94 13.91 
The participant information section was 
organized in a logical order. 80.19 18.52 
Table 12. (Continued) 
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Standard 
Program component Mean deviation 
The photos in the participant information 
section were a benefit to the participants. 73.38 19.78 
The photos in the participant information 
section were suitable for the topics discussed. 78.69 18.47 
The sustainable practice summary table in the 
participant information section was easy for 
the participants to use. 58.44 22.12 
The sustainable practice summary table in the 
participant information section was easy to 
understand. 59.06 22.75 
The individual sustainable agriculture fact 
sheets in the participants' information 
provided suitable information. 75.31 16.14 
The underlined vocabulary words were beneficial 80.38 11.99 
to the participants. 
The glossary contained sufficient information 
explaining the vocabulary words. 84.44 13.91 
The glossary was easy for participants to use. 86.50 14.35 
The bibliography provided suitable information. 79.88 16.88 
The computer screen instructions were easy to 
follow. 87.19 9.76 
The computer screens provided enough information 
for the participant to make the appropriate choices. 85.88 12.84 
The computer worksheet mode adds to the learning 
ability of the program. 85.88 13.82 
The computer test mode measures student learning. 74.69 18.61 
The computer printouts helped students identify 
necessary changes to improve their scores. 78.56 19.32 
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Table 12. (Continued) 
Standard 
Program component Mean deviation 
The computer program content matched the written 
lesson objectives. 85.88 9.04 
The computer program provided a suitable 
environment to teach the concepts of sustainable 
agriculture. 85.19 14.02 
Overall mean 75.32 17.73 
teachers evaluated the entire instructional unit, the overall means 
revealed that both groups rated the materials well above average in 
educational content. The highest mean (79.42) was observed for the 
Table 13. Means and standard deviations for student and teacher overall 
educational value ratings of sustainable agriculture manager 
materials 
Program components 
student 
scores 
Teacher 
scores 
t-
value 
t-
prob. 
(N=172) (N=16) 
Overall educational value 
of the written materials 
68.88 
19.61 
74.94 
14.61 
-1.53 .140 
Overall educational value 
of the computer program 
77.33 
19.06 
82.50 
11.08 
-1.65 .112 
Overall education value 
of the total package 
77.96 
19.39 
80.81 
11.37 
-0.89 .383 
Mean 74.72 
19.35 
79.42 
12.35 
-2.32 .023 
a j^ M = Mean. 
SD = Standard deviation. 
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teachers, whereas the students had a mean score of 74.72, which was 
significantly lower at the .05 level. 
Students completed a pretest and posttest using the Sustainable 
Agriculture Manager computer program. Students' scores were based on 
their responses to various situations presented in.the program. 
Sustainable agriculture (SA) scores measured how well the student 
utilized crop and livestock systems and agricultural inputs supporting 
those activities which maintained the economic and social viability while 
preserving the high productivity and quality of natural resources. 
Energy conservation (E) scores measured how well the student conserved 
energy usage. Profitability {%) scores measured how well the student 
maintained long-term profit. Table 14 presents the scores from the 
computer pretest and posttest. All posttest mean scores were 
significantly higher than pretest mean scores. Students had to complete 
both the pretest and posttest to be included in the study. 
Student Characteristics and Situational Variables 
that Contributed to Student Success 
The second objective of this study was to identify characteristics 
and situational variables that may have contributed to student success in 
developing knowledge of sustainable agriculture. The following tables 
pertain to that objective. 
Data in Table 15 reveal the difference in mean level of sustainable 
agriculture knowledge between male and female students. The highest 
group mean (39.64) was observed for males on the posttest, whereas 
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Table 14. Means and standard deviations for student pretest and post-
test sustainable agriculture knowledge scores 
Sustainable agriculture Pretest Posttest t- t-
components scores scores value prob. 
(N= 172) (N= 172) 
Sustainable practices* < 40 .45 54 .34 -12 .20 .0001 
SO 17 .04 15 .77 
Energy conservation^  12 .85 20 .32 -9, .08 .0001 
10 .60 9 .92 
Profitability® 38 .46 38 .88 -3. 74 .0001 
11 .35 12 .37 
Mean 30 .46 38 .88 
-11. ,87 .0001 
13 .00 12 .69 
H^ighest known scale value was 80. 
M = Mean. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was SO. 
females had a posttest mean score (34.82) which was significantly lower 
at the .01 level. Pretest group mean scores were similar. 
Means, standard deviations, P-ratios, and F-probabilities for levels 
of sustainable agriculture knowledge by student grade level are presented 
in Table 16. Eleventh grade students had the lowest posttest mean score 
(36.90), whereas the ninth grade students had the highest posttest mean 
score (40.94). No significant differences were discovered among posttest 
means of these groups. 
Presented in Table 17 are the means, standard deviations, F-ratios, 
and F-probabilities for sustainable agriculture knowledge by place of 
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Table 15. Test for student pre- and posttest differences in sustainable 
agriculture by sex 
Sustainable Pretest scores Posttest scores 
agriculture t- t- t- t-
component Male Female value prob. Male Female value prob. 
(N=145) (N=27) (N=145) (N=27) 
Sustainable M^  ^
practices SD 
40.52 
17.63 
40.07 
13.68 
0. 15 0. 88 55.54 
15.99 
47.93 
13.01 
2. 69 0. 010 
Energy  ^
conservation 
12.71 
11.03 
13.59 
8.02 
-0. 49 0. 63 20.66 
10.23 
18.52 
8.01 
1. 21 0. 231 
Profitability® 38.14 
11.55 
37.74 
10.39 
0. 18 0. 86 42.73 
12.76 
38.00 
9.15 
2. 30 0. 026 
Mean 30.46 
13.40 
30.47 
10.70 
-0. 01 1. 00 39.64 
10.53 
34.82 
7.94 
2. 74 0. 009 
M^ = Mean. 
Highest known scale value was 80. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
residence. Students living in a city or town had the lowest posttest 
mean score (35.67), whereas those students living on farms had 
significantly higher posttest mean scores (41.54) for five sections of 
the posttest. 
Data in Table 18 reveal the difference in sustainable agriculture 
knowledge by the size of the participants' home farms. Students from the 
smallest farms, up to 160 acres, had the lowest postteat mean score 
(39.17), whereas those students from farms of 161-320 acres had the 
highest posttest mean score (43.94). No significant differences were 
discovered among means of these groups. 
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Table 16. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by grade 
Sustainable 
agriculture 
component 
Grade level 
Com­
posite 
F-
ratio 
F-
prob. 9th 10th 11th 12th 
(N=26) (N=72) (N=52) (N=22) (N=172) 
Pretest Scores 
Sustainable 
practices SD 
47.65 
18.61 
40.64 
16.31 
36.63 
17.45 
40.36 
14.57 
40.45 
17.04 
2.48 0.063 
Energy  ^
conservation 
14.96 
11.56 
14.57 
10.57 
9.92 
9.58 
11.64 
10.77 
12.85 
10.60 
2.46 0.065 
Profitability® 41.04 
11.10 
39.31 
9.72 
35.81 
12.66 
35.91 
12.63 
38.08 
11.35 
1.86 0.138 
Mean 34.55 
11.49 
31.50 
10.04 
27.46 
10.94 
29.30 
11.17 
30.46 
10.87 
2.96 0.034 
Posttest Scores 
Sustainable 
practices 
56.31 
16.21 
57.22 
14.16 
49.73 
17.30 
53.50 
14.83 
54.34 
15.77 
2.50 0.061 
Energy  ^
conservation 
19.77 
9.45 
21.60 
10.67 
18.81 
9.32 
20.36 
9.35 
20.32 
9.92 
0.82 0.482 
Profitability® 46.73 
7.94 
40.56 
13.89 
42.17 
11.39 
40.64 
12.86 
41.99 
12.36 
1.71 0.167 
Mean 40.94 
9.26 
39.79 
9.72 
36.90 
11.16 
38.17 
11.04 
38.88 
10.30 
1.21 0.307 
= Mean. 
Highest known scale value was 80. 
S^O = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 17. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by place of residence 
Sustainable 
agriculture 
component 
Place of residence 
City Rural Farm 
Com­
posite 
F-
ratio 
F-
prob. 
(N=51) (N=36) (N=85) 
Pretest Scores 
(N=172) 
Sustainable 
practices 
M 
SD*^  
34.18 
19.83 
41.78 
17.27 
43.66 
14.06 
40.45 
17.04 
5.33 0.006 
Energy  ^
conservation 
10.31 
10.61 
12.11 
11.55 
14.68 
9.92 
12.85 
10.60 
2.88 0.059 
Profitability 36.63 
10.70 
36.94 
11.66 
39.42 
11.55 
38.08 
11.35 
1.20 0.305 
Mean 27.04 
11.66 
30.28 
11.09 
32.59 
9.82 
30.46 
10.87 
4.32 0.015 
Sustainable 
practices 
Energy  ^
conservation 
Profitability® 
Mean 
Posttest 
49.69 52.36 
17.61 15.63 
17.27 19.86 
8.91 13.44 
40.04 39.28 
10.22 19.98 
35.67 37.17 
10.52 11.02 
Scores 
57.98 54.34 
13.84 15.77 
22.34 20.32 
8.25 9.92 
44.31 41.99 
10.87 12.36 
41.54 38.88 
9.21 10.30 
4.99 0.008 
4.37 0.014 
3.06 0.049 
6.17 0.003 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 18. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by size of farm 
Sustainable 
agriculture 
component 
Size of farm in acres 
1 to 161 to 321 to 641 or 
160 320 640 larger 
Com— F- F— 
posite ratio prob. 
(N=21) (N=34) (N=13) (N=16) (N=84) 
Pretest Scores 
Sustainable M 
practices SD® 
Energy  ^
conservation 
Profitability® 
Mean 
40.19 
10.99 
13.00 
11.94 
39.62 
12.69 
30.94 
10.25 
47.44 
14.29 
17.15 
10.10 
40.06 
10.70 
34.88 
10.21 
39.92 
13.29 
11.31 
5.12 
35.77 
13.23 
29.00 
7.09 
44.13 
16.70 
13.13 
7.64 
41.00 
11.18 
32.75 
10.18 
43.83 
14.05 
14.44 
9.73 
39.46 
11.62 
32.58 
9.88 
1.59 0.198 
1.61 0.193 
0.55 0.647 
1.40 0.249 
Posttest Scores 
Sustainable 
practices 
Energy  ^
conservation 
Profitability^  
53.90 61.41 56.77 56.38 57.86 1.42 0.243 
14.95 12.02 15.18 14.58 13.88 
21.05 24.21 21.08 20.75 22.27 1.05 0.377 
9.09 6.80 8.88 9.46 8.27 
42.57 46.21 42.46 44.88 44.46 0.65 0.583 
11.32 10.89 12.08 9.23 10.83 
Mean 39.17 43.94 40.10 40.67 41.53 1.90 
10.16 8.04 10.12 9.46 9.26 
0.252 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Means, standard deviations, F-ratios, and F-probabilities for levels 
of sustainable knowledge by student academic achievement are presented in 
Table 19. Students were grouped to reflect low, medium, and high 
achievement levels based on student grade point average. The students 
categorized as low had the lowest posttest mean (36.58), whereas the 
group categorized as high had the highest posttest mean (41.29). The 
difference between these means approached significance at the .05 
level. 
Levels of sustainable agriculture knowledge were compared by student 
mean scores of the individual Iowa Tests of Development (ITED) Tests. 
The groups were categorized the same as that presented in Table 19. An 
analysis of variance test on the group means of each of the ITED Tests 
revealed that the low group in each ITED Test had the lowest posttest 
mean score. The high group in each ITED Test had the highest posttest 
mean score in all but two of the eight ITED Tests. For these two areas 
of the ITED, the medium group had the highest posttest mean score. All 
but one analysis of variance test revealed that significant differences 
existed among group means. The individual tables for these tests are 
contained in Appendix D. Composite group means for the ITED Tests are 
presented in Table 20. The low group had the lowest posttest mean score 
(35.66), whereas the high group had the highest posttest mean score 
(40.77). F-values were observed to be significantly different for the 
component sustainable practices and energy conservation. 
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Table 19. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by level of academic achievement 
Sustainable 
agriculture 
component 
Level of 
Low 
academic achievement 
Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=55) (N=58) (N=57) (N=170) 
Pretest Scores 
Sustainable M® 36.87 41.62 43.91 40.85 2.63 0.075 
practices SD° 16.00 19.01 14.15 16.69 
Energy  ^ 11.02 13.83 13.89 12.94 1.35 0.261 
conservation 11.50 10.37 9.70 10.56 
Profitability® 37.18 38.21 38.96 38.13 0.34 0.711 
12.14 11.90 10.22 11.40 
Mean 28.36 31.22 32.26 30.64 1.98 0.141 
11.42 11.66 8.81 10.77 
Posttest Scores 
Sustainable 51.76 54.48 57.49 54.61 1.90 0.154 
practices 17.73 15.19 13.62 15.66 
Energy  ^ 18.29 20.72 21.88 20.32 1.93 0.148 
conservation 12.53 8.85 7.58 9.89 
Profitability® 39.67 42.14 44.49 42.13 2.15 0.119 
15.80 10.10 10.28 12.37 
Mean 36.58 39.11 41.29 39.02 3.02 0.052 
11.88 9.86 8.48 10.27 
= Mean. 
Highest known scale value was 80. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 20. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development composite 
scores 
Iowa Tests of 
Sustainable Development Composite 
agriculture — 
component Low Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=51) (N=58) (N=55) (N=164) 
Pretest Scores 
Sustainable 35.88 43.05 44.56 41.33 4.37 0.014 
practices SD 18.24 15.08 14.92 16.41 
Energy ^ 11.61 13.53 14.45 13.24 1.01 0.365 
conservation 12.12 9.66 9.59 10.47 
Profitability® 36.65 39.03 38.56 38.13 0.64 0.531 
12.34 11.58 10.77 11.53 
Mean 28.05 31.87 32.53 30.90 2.75 0.067 
12.32 9.73 9.69 10.70 
Posttest Scores 
Sustainable 50.02 56.79 57.05 54.77 3.50 0.033 
practices 18.54 13.74 14.01 15.71 
Energy ^ 17.39 21.74 21.51 20.31 3.27 0.041 
conservation 13.02 8.62 7.24 9.96 
Profitability® 39.63 43.00 43.75 42.20 1.67 0.192 
15.35 10.33 11.00 12.36 
Mean 35.68 40.51 40.77 39.10 4.22 0.016 
12.06 9.13 9.13 ,10.33 
j^M = Mean. 
Highest known scale value was 80. 
^SD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Teacher Characteristic and Situational Variables 
that Contributed to student Success 
Data in Table 21 reveal the difference in mean sustainable 
agriculture knowledge grouped by workshop attendance. The highest 
posttest mean score (39.15) was observed for those students whose teacher 
did not attend the workshop over the Sustainable Agriculture Manager 
materials. No significant differences were observed among the posttest 
means of these groups. 
Table 21. Test for student pre- and posttest differences in sustainable 
agriculture by workshop attendance of teacher 
Sustainable 
agriculture 
component 
Workshop 
attendance 
Yes No 
t- t-
value prob. 
Workshop 
attendance 
Yes No 
t- t-
value prob. 
(N=88) (N=84) 
Pretest scores 
(N=88) (N=84) 
Posttest scores 
Sustainable M 37.91 43.12 -2.03 0.044 55.08 53.57 
practices SD° 17.52 16.20 16.99 14.44 
0.63 0.531 
Energy 12.00 13.78 -1.08 0.282 20.20 20.44 -0.16 0.876 
conservation 11.26 9.85 11.12 8.55 
Profitability® 36.50 39.73 -1.87 0.063 40.61 43.43 -1.51 0.134 
10.84 11.69 13.72 10.66 
Mean 28.80 32.19 -2.06 0.041 38.63 39.15 -0.33 0.744 
10.56 10.97 11.01 9.56 
j^M = Mean. 
Highest known scale value was 80. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Data in Table 22 reveal the differences between student sustainable 
agriculture knowledge mean scores grouped by level of their teacher's 
education. The highest overall posttest mean score (35.50) was observed 
for those students whose teacher had a Bachelor of Science degree, 
whereas those students whose teacher had a Master of Science degree had a 
posttest mean score of 34.75 No significant differences were discovered 
between means of these groups. 
Table 22. Test for student pre- and posttest differences in sustainable 
agriculture by level of teachers' education 
Sustainable 
agriculture 
component 
Education 
level t- t-
Education 
level 
B.S. M.S. value prob. B.S. M.S. 
t- t-
value prob. 
Sustainable 
practices 
(N=12) (N=4) 
Pretest scores 
M 40.50 29.75 
SD° 8.98 12.37 
(N=12) (N=4) 
Posttest scores 
1.60 0.182 47.17 46.50 0.13 0.899 
12.73 7.14 
Energy 12.50 7.00 2.13 0.088 17.00 13.75 1.14 0.278 
conservation 4.25 4.55 7.54 3.68 
Profitability® 37.17 38.25 -0.23 0.830 42.33 44.00 -0.52 0.612 
8.41 8.26 10.00 2.83 
Mean 30.06 25.00 1.20 0.300 35.50 34.75 0.23 0.822 
4.89 7.95 8.68 4.45 
^M = Mean. 
Highest known scale value was 80. 
^SD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Student means, standard deviations, F-ratios, and F-probabilities 
for sustainable agriculture knowledge by teacher tenure are presented in 
Table 23. Students whose teacher had thirteen or more years tenure had 
the lowest posttest mean score (33.58), whereas those students whose 
teacher had six to twelve years of tenure had the highest posttest mean 
score (38.67). 
Students whose teacher had thirteen or more years tenure had the 
lowest pretest mean score (22.83), whereas the students whose teacher had 
one to five years tenure had the highest pretest mean score (31.33). The 
difference between these means was significant beyond the .01 level of 
confidence. 
Pearson product moment correlations between pretest and posttest 
mean scores and selected student and teacher variables indicated little, 
if any, relationship among these variables that contributed to student 
success in developing knowledge of sustainable agriculture. Pretest 
scores were moderately related (r=.61) to posttest scores. The table for 
this test is contained in Appendix D. 
Stepwise regression analysis was used to identify student and 
teacher variables that were related to student posttest scores. Data in 
Table 24 revealed that four student variables influenced student posttest 
scores. These variables were: pretest scores, gender, ITED test SI-
sources of information scores, and place of residence. These four 
factors accounted for 68 percent of the variance. 
When both student and teacher variables were used in the stepwise 
regression on student posttest scores, two teacher and two student 
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Table 23. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by teacher tenure 
Sustainable 
agriculture — 
component 
Teacher 
1 to 
5 
tenure 
6 to 
12 
(years) 
13 or 
more 
Com­
posite 
F-
ratio 
F-
prob. 
(N=7) (N=5) (N=4) (N=16) 
Pretest Scores 
Sustainable 44.43 39.00 24.75 37.81 9.30 0.003 
practices SO 7.25 8.83 4.78 10.62 
Energy ^ 13.29 11.80 6.50 11.13 3.39 0.065 
conservation 5.15 2.77 3.70 4.84 
Profitability® 36.29 39.20 37.25 37.44 0.17 0.847 
10.39 6.91 6.40 8.11 
Mean 31.33 30.00 22.83 28.79 3.78 0.051 
5.93 4.46 3.82 5.94 
Posttest Scores 
Sustainable 44.71 51.60 45.25 47.00 0.56 0.582 
practices 12.93 12.76 6.50 11.36 
Energy ^ 16.86 17.20 13.75 16.19 0.31 0.737 
conservation 8.71 6.53 3.69 6.82 
Pro f it ab i1ity® 40.14 47.20 41.75 42.75 1.00 0.396 
10.35 9.04 2.06 8.69 
Mean 33.90 38.67 33.58 35.31 0.67 0.530 
8.86 8.67 3.07 7.67 
= Mean. 
Highest known scale value was 80. 
^SD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 24. Stepwise regression analysis of variables on student posttest 
scores 
Step Variable entered Beta 
Multiple 
r 
Adjusted 
T 
P-
ratio 
Sig. 
F 
1 Pretest scores 0.616 0.616 0.376 99.07 0.0000 
2 Student gender -0.169 0.639 0.401 55.50 0.0007 
3 ITED test SI 0.580 0.671 0.440 43.64 0.0010 
4 Student residence 0.560 0.682 0.466 34.66 0.0318 
Constant = 3.878 Multiple = .682 
variables were observed to affect student posttest scores. These 
variables were: teacher knowledge of computers and teacher knowledge of 
sustainable agriculture and student ITED-SI scores and the learning 
preference of field trips and educational tours. 
Table 25. Stepwise regression analysis of variables on student posttest 
scores 
Multiple Adjusted P- Sig. 
Step Variable entered Beta r r ratio F 
1 Teacher computer 
knowledge 
-0.209 0.209 0. 038 7. 33 0. 0075 
2 Teacher sustainable 
agriculture knowledge 
-0.392 0.394 0. 144 14. 57 0. 0000 
3 ITED test SI 0.213 0.447 0. 184 13. 12 0. 0000 
4 Learning preference -0.384 0.473 0. 204 11. 34 0. 0000 
field trips and 
educational tours 
Constant = 3.878 Multiple = .682 
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Other Information 
Table 26 contains selected student learning preferences as 
identified by Rollins (103) and the students' responses to these items. 
It was observed that students placed much preference on items utilizing 
activities outside of the formal classroom. The learning preference that 
received the highest mean (87.51) was "participating in field trips or 
Table 26. Means and standard deviations for the level of student 
learning preference expressed by students 
Learning preference Mean 
Standard 
deviation 
While in an agriculture class, I prefer to learn: (N=170) 
Using audiovisual materials (films, slides, 
video tapes, etc.). 61.22 20.08 
In cooperative learning groups with my classmates. 60.14 24.14 
When I can use a computer. 60.74 26.54 
Presenting reports on topics that are interesting 
to me. 36.01 27.31 
Using independent study. 42.35 27.33 
By formalized instruction (lecture, teacher 
assignments, homework). 32.07 26.65 
From student demonstrations. 46.31 24.80 
In laboratories and shop activities. 75.96 22.04 
By hearing reports on topics selected by 
other students. 41.98 25.52 
By participating in field trips or educational 
tours. 87.51 18.10 
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educational tours." The second most preferred learning preference was 
"laboratories and shop activities" (75.96). The learning preference that 
received the lowest rating (32.07) was "formalized instruction (lecture, 
teacher assignments, homework)" closely followed by "presenting reports 
on topics that are interesting to me" (36.01). 
Table 27 contains the means, standard deviations, F-ratios, F-
probabilities for learning preferences grouped by grade level. It was 
observed that "participating in field trips or educational tours" had the 
highest group mean and composite mean (86.49). The twelfth grade group 
mean (83.41) was the lowest mean and the ninth grade group (92.96) was 
the highest mean for the above learning activity. The standard deviation 
for the twelfth grade group (23.99) was much larger than that of the 
other three group standard deviations. An analysis of variance test on 
the group means revealed only one significant difference among group 
means for the learning preference "presenting reports on topics that are 
interesting to me." 
"Laboratories and shop activities" had the second highest composite 
mean (75.08) and was "much preferred" by all four groups. The twelfth 
grade group mean (71.73) was the lowest mean, and the ninth grade group 
mean (83.19) was the highest mean for the above learning activity. 
"When I can use a computer" had the fourth highest composite mean 
(60.03). The twelfth grade group mean (57.41) was the lowest mean, and 
the eleventh grade group mean (66.13) was the highest mean for the above 
learning activity. 
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Table 27. Test for difference in student learning preference by grade 
Grade level 
Learning Com- F- F-
preference 9th 10th 11th 12th posite ratio prob. 
(N=26) (N=72) (N=52) (N=22) (N=172) 
I prefer to learn: 
Using audio- 65.46 61.62 56.58 59.32 60.51 1.22 0.303 
materials SD 19.40 22.92 19.94 18.15 21.02 
(films, 
slides, video 
tapes, etc.). 
In cooperative 57.27 59.36 58.77 63.82 59.44 0.30 0.823 
learning groups 20.87 25.18 28.09 20.62 24.86 
my classmates. 
When I can use a 61.77 57.81 66.13 57.41 60.03 1.57 0.198 
computer. 21.33 29.52 27.21 23.79 27.18 
Presenting re- 27.27 29.26 43.48 47.45 25.59 5.25 0.002 
ports on topics 23.96 24.64 29.49 27.42 27.42 
that are inter­
esting to me. 
Using inde- 35.73 38.22 46.75 49.75 41.86 1.99 0.118 
pendent study. 28.55 29.33 23.14 28.06 27.54 
By formalized 33.92 28.54 34.08 33.77 31.70 0.57 0.634 
instruction 31.29 27.68 24.17 24.10 26.72 
(lecture, 
teacher assign­
ments, homework). 
From student 39.08 44.67 50.87 45.27 45.77 1.38 0.250 
demonstrations. 31.00 23.52 26.12 18.94 25.16 
In laboratories 83.19 74.38 73.40 71.73 75.08 1.31 0.272 
and shop 16.27 20.53 27.76 27.19 23.38 
activities. 
= Mean. 
SD = Standard deviation. 
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Table 27. (Continued) 
Grade level 
Learning Com­ F- F-
preference 9th 10th 11th 12th posite ratio prob. 
(N=26) (N=72) (N=52) (N=22) (N=172) 
By hearing 40.88 37.92 48.58 37.14 41.49 2.02 0.113 
reports on SD 28.54 26.14 24.43 22.13 25.77 
topics 
selected by 
other students. 
By participating 92.96 86.04 85.17 83.41 86.49 1.14 0.336 
in field trips 15.85 19.81 21.17 23.99 20.30 
or educational 
tours. 
The second to the lowest mean (31.70) and of "little preference" to 
the-students w@s observed for "formalized instruction (lectures, teacher 
assignments, homework)." Although this learning preference ranked ninth 
for each of the four groups, the lowest mean (28.54) was observed for the 
tenth grade, and the highest mean (33.92) was observed for the ninth 
grade group. 
"Presenting reports on topics that are interesting to me" had the 
lowest group means. The group means ranged from 27.27 (ninth grade) to 
47.45 (twelfth grade). An analysis of variance test revealed a highly 
significant difference among group means. A Duncan post-hoc test 
revealed a significant difference between the mean of the ninth grade 
group and the means of the eleventh and twelfth grade groups; and a 
significant difference between the tenth grade group and the means of the 
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eleventh and twelfth grade groups. A Scheffe post-hoc test revealed a 
significant difference between the mean of the tenth grade group and the 
mean of the eleventh grade group at the .05 level. 
Major Findings 
The following statements briefly summarize the major findings 
important to this investigation. 
1. A significant difference between pretest and posttest mean scores 
was observed for students who completed the Sustainable Agriculture 
Manager computer program and instructional unit. 
2. A significant difference existed between the means of male and 
female student posttest scores, but pretest scores from the 
sustainable agriculture unit were similar. 
3.• There was no significant difference discovered between the mean 
posttest scores when analyzed by grade. 
4. A significant difference existed among the means of posttest scores 
based on place of residence. Students who lived on farms had 
significantly higher means than the other groups. 
5. There was no significant difference discovered among posttest mean 
scores of students sustainable agriculture knowledge grouped by size 
of farm where they lived. 
6. A significant difference existed between the posttest means of 
students with a high level of academic achievement (41.29) and those 
with a low level of academic achievement (36.58). 
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7. A significant difference existed among the posttest mean scores 
grouped by students with high Iowa Test of Development scores and 
those with low Iowa Test of Development scores. Test L (Literature) 
was the only ITED test where no significant differences were 
discovered among posttest mean scores. 
8. There were no significant differences discovered between the 
posttest mean scores based on workshop attendance by the 
teacher. 
9. Students preferred to learn by participating in field trips or 
educational tours while in an agriculture course. 
10. As a group, students preferred to study agriculture in laboratories 
and through shop activities. 
11. A significant difference existed among the means of students in the 
eleventh and twelfth grades as compared to the ninth and tenth 
grades in their preference to learn through presenting reports on 
topics that were interesting to them. 
12. Stepwise regression analyses revealed student and teacher variables 
which contributed to student posttest scores. Student variables 
which predicted student posttest scores included ITED test SI-
sources of information, and learning preference of field trips and 
educational tours and teacher variables of teacher knowledge of 
computers and sustainable agriculture. 
13. Stepwise regression analyses revealed student variables excluding 
teacher variables which contributed to student posttest scores. 
Student variables which predicted student posttest scores included 
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pretest scores, gender, ITED test Sl-sources of information, and 
residence. 
94 
DISCUSSION 
The central purpose of this study was to evaluate the extent of use 
and effectiveness of an instructional unit on sustainable agriculture 
using a computer program to increase environmental awareness, enhance 
understanding of environmental problems, and promote the resolution of 
environmental issues in educational settings. More specifically, this 
study was designed to: 1) determine the educational value of an 
instructional unit on sustainable agriculture as measured by student and 
teacher perceptions; 2) determine the effectiveness of the instructional 
unit as measured by student knowledge of sustainable agriculture; 
3) identify characteristic and situational variables that contribute to 
student success in developing knowledge of sustainable agriculture; 
4) identify teacher characteristic and situational variables that 
contribute to student success in developing knowledge of sustainable 
agriculture; and 5) identify student and teacher characteristics and 
situation variables that affected student knowledge of the content in the 
sustainable agriculture instructional unit. 
The design of the study proved to be appropriate in providing data 
upon which generalizations could be made about the above purpose and 
objectives. The population for this study consisted of agriculture 
students enrolled in Iowa high schools offering programs in agriculture. 
Stratified sampling was used because it made use of knowledge about the 
population making the sample more representative and increased the 
probable accuracy of the estimates derived from it. Schaeffer, 
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Mendenhall, and Ott (107) indicated that where simple random sampling is 
inconvenient or inappropriate, stratified sampling may be used. 
Borg and Gall (14) indicated a minimum of 15 cases was needed for 
experimental research. Fifteen primary test sites and six alternative 
test sites were selected to ensure a suitable number. Subjects were 
pretested to provide data for the control condition as set forth by 
Hinkle, Wiersma, and Jure (51). All subjects were then tested after the 
experimental condition was administered to provide data concerning the 
effect of the experimental treatment. One-half of the teachers received 
their instructional unit during a workshop, whereas the others received 
their materials by direct mail. The effectiveness of the unit was meas­
ured in terms of student knowledge of sustainable agriculture concepts 
and student and teacher responses to the instructional materials. 
The findings revealed that the instructional unit was effective in 
increasing student knowledge of sustainable agriculture concepts. 
Analyses of pretest and posttest mean scores revealed that student 
posttest scores increased significantly. No significant differences were 
observed among the posttest mean scores of students based on teacher 
participation in the workshop to disseminate the instructional materials. 
This contradicts studies by Gammon and Burton (41) and McCormick and Cox 
(76) whose findings indicated that teachers who attend workshop or 
inservice training on new instructional materials utilize the materials 
more effectively. This may indicate that further study is needed in the 
area. Data gathered from students and teachers revealed that students 
were interested in the lessons, and that they use the computer for 
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delivering sustainable agriculture concepts stimulated class discussion, 
competition, and thought. 
General comments from students indicated that the computer program 
was fun, made learning easy, and that the written materials and computer 
program were easy to understand and use. One student expressed that it 
would be a good idea to have farmers use the computer program since the 
student felt that many of the farmers have no idea how much they are 
hurting the land. Several students indicated that they could go through 
the computer program many times and learn something new each time. 
Students indicated that competition become widespread to see who could 
improve their scores from the pretest. 
Teacher comments and suggestions for improvement of the 
instructional unit indicated that the unit was well received by all 
teachers. Teachers reported that they had good discussions with students 
about sustainable agriculture concepts. The interest approaches, visual 
masters, and student activities kept the students interested. Tillman's 
(122) findings were similar, suggesting that teachers desire materials 
containing visual masters, student activities, and teacher keys. Several 
teachers suggested that the word builder vocabulary activities be 
shortened to facilitate their completion during class time. 
Teachers indicated that the repeat function in the worksheet 
(pretest) mode of the computer program increased learning on some of the 
harder concepts presented. St. Onge (115) reported that the computer can 
be a powerful tool to help students learn. Instructional units with 
well-designed software can instruct the student, elicit a response, and 
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provide positive reinforcement or corrective feedback. Students who 
require multiple repetitions to grasp a concept benefit greatly from the 
use of the computer by allowing the student to learn at his or her own 
pace. Microcomputers can make instruction more fun, not only for the 
student, but for the teacher as well. 
Several instructional methods were suggested in the teaching outline 
based on findings by Keffe (62). Teaching methods, strategies, and 
techniques should be varied to reflect the different ways that individual 
students acquire knowledge and skills. Teachers reported students 
reacted favorably to small group discussions after completion of the 
pretest and posttest. Questions provided for the students after the 
pretest helped guide the students to determine ways to improve their 
posttest scores. Teachers reported that student discussion sometimes 
centered on what was presently being done at home, and how it may need to 
be changed to improve their sustainable agriculture, energy conservation, 
or profitability effort. 
Two areas received the most criticism, the Practice Summary Table 
and the Practice Summary Guide. The Practice Summary Table was hard for 
students to understand. Most teachers and students felt the Practice 
Summary Guide required too much reading and would be better explained by 
a video tape covering the same concepts. 
Teachers indicated that it may be beneficial to have teams complete 
the computer program as this would allow more small group discussion 
while the management decisions were being made. Other suggestions 
included the use of a computer projection screen for the overhead 
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projector which would allow class discussion of each computer screen. A 
few teachers indicated the need for more student activities to reinforce 
the concepts covered. Overall, teachers enjoyed teaching the unit and 
indicated that the computer program was an excellent way to review 
sustainable agriculture concepts. 
A significant difference existed in the posttest mean scores of male 
and female students, whereas the pretest mean scores were similar. This 
may have resulted from most of the participants being males and since 
males are normally associated in doing the majority of the sustainable 
agriculture work on the farm. 
A significant difference existed among the posttest mean scores 
based on place of residence. Students who lived on farms had signifi­
cantly higher means than did those who did not. It is understandable 
that students living on a farm would be more knowledgeable of, or quicker 
to grasp, new concepts dealing with sustainable agriculture. No 
significant differences were discovered among posttest mean scores based 
on the size of farm. This finding seems to indicate that students living 
on farms viewed sustainable agriculture concepts the same. 
The researcher was anxious to see how students with different levels 
of academic achievement reacted to the materials. A significant differ­
ence existed between only the posttest mean scores of students with high 
academic achievement and those with low academic achievement. The 
standard deviations ranged from 11.88 (low academic achievement) to 8.48 
(high academic achievement). Students with low academic achievement 
averages had a wider spread in their responses than did the other two 
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groupa. However, they improved their posttest mean score (mean 
difference = 8.22) when compared to medium academic achievement (mean 
difference = 7.89) and high academic achievement (mean difference = 9.03) 
groups. 
Analysis using Iowa Tests of Development (ITED) scores, categorized 
the same as above, revealed that the low group had the lowest posttest 
mean score, whereas the high group had the highest posttest mean score. 
Again, the low group standard deviation (12.06) was greater than the 
other two groups (medium 9.13 and high 9.13). Comparing mean differences 
from pretest to posttest, the low group had the least gain (7.63), 
whereas the middle group had the greatest gain (8.64). 
One can assume that the students with low academic achievement 
reacted favorably to the instructional unit and that the materials were 
suitable for their use. It would appear that the instructional unit was 
suitable for teaching sustainable agriculture concepts to students of all 
academic levels. 
No significant differences were discovered among posttest mean 
scores when compared to level of teacher education or tenure. Comparing 
posttest score mean differences revealed that difference for students of 
teachers with a Master's degree (9.75) were greater than students of 
teachers with a Bachelor's degree (5.44). This may have been due to the 
increased experience and knowledge from courses beyond a Bachelor's 
degree. Comparisons of posttest score mean differences revealed that 
students of teachers with tenure of thirteen or more years (10.75) were 
greater than students of teachers from one to five years (1.57). It may 
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be assumed that teachers with longer terms of tenure have more experience 
using a wider variety of teaching techniques and have an established 
curriculum containing some of the same concepts covered by the 
Sustainable Agriculture Manager instructional unit. 
The researcher was eager to determine a profile of how students 
prefer to learn. Ten questions were formulated from a review of 
literature to determine a profile of how students learn. Students 
unanimously and overwhelmingly preferred to learn utilizing activities 
outside of the formal classroom. Participating in field trips or 
educational tours received the highest rating, followed closely by 
laboratory and shop activities. The researcher was not surprised to 
learn that students had means that ranked presenting reports next to last 
and formalized instruction last. This supports Rollins' (105) findings 
that Iowa agriculture students preferred interactive and experiential 
learning activities. The use of appropriate instructional methods to 
stimulate students with various learning preferences would enhance 
student learning and develop their thinking skills. 
It was interesting to note that when the same ten learning 
preferences were compared to Rollins' (105) study (ranking from 1 to 10), 
students in this study indicated a preference for the top two (field 
trips or educational tours and laboratory and shop activities) but in 
reverse order. A similar observation was observed for the last two 
learning preferences (formalized instruction and presenting reports). 
Three learning preferences received the same ranking. Placed fifth was 
learning in groups with classmates, seventh was independent study, and 
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eighth was listening to reports on topics selected by other students. 
The two learning preferences ranked least preferred by students may be 
the least preferred because they are, in fact, the predominant 
instructional techniques the students have directly observed being used. 
If these learning activities—"learning by formalized instruction" and 
"listening to reports"—are utilized to a great extent in agriculture 
class, the students may select to enroll in other courses which are more 
suitable to their interests and learning preferences. 
Pearson product moment correlations between pretest and posttest 
mean scores and selected student and teacher characteristics and student 
and teacher situational variables revealed little, if any, relationship 
to student success in developing knowledge of sustainable agriculture. 
Pretest scores were related moderately to posttest scores. This would 
seem to indicate that students retained knowledge from the pretest learn­
ing mode supporting that the materials were effective for student use. 
Stepwise regression was used to identify student and teacher 
variables which were related to student posttest scores. Helping 
teachers gain a better understanding of computers, their use in the 
classroom, and sustainable agriculture should improve student learning. 
In summary, the findings of this study support the literature 
advocating that subject matter can stimulate student interest and 
increase achievement. Today, students studying agriculture must prepare 
to cope with the rapid changing world, the use of problem-solving skills, 
which can help enhance critical thinking skills, along with the vast 
amounts of factual information will better prepare them for future 
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undertakings. The Sustainable Agriculture Manager instructional unit and 
computer program were successful in increasing student knowledge of 
sustainable agriculture concepts and can be used in teaching management 
and conservation of our natural resources. 
Conclusions 
Based on the findings of this study, the following conclusions 
concerning the Sustainable Agriculture Manager instructional unit tested 
in agriculture departments in Iowa were drawn: 
1. The high percent of students living on farms or in rural areas 
provides an excellent audience for instructional materials on 
sustainable agriculture. It is anticipated that many of these 
students will share their knowledge of sustainable agriculture with 
. their parents and/or that they will become farmers of tomorrow. 
Those not living on farms will also benefit from their sustainable 
agriculture knowledge, as more emphasis is placed on conservation of 
energy and our natural resources. All students must be a part of 
this needed effort. 
2. Only 16 percent of the student population were female. Instruction 
on sustainable agriculture concepts is reaching only a limited 
number of female students through agriculture classes. 
3. The sustainable agriculture instructional unit was developed at an 
appropriate instructional level for students in agriculture, and can 
be taught as a complete unit or as a supplemental unit in a variety 
of course settings. 
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4. The sustainable agriculture instructional unit was successful in 
improving student knowledge of sustainable agriculture concepts. 
5. Use of the sustainable agriculture instructional unit 
significantly increased student knowledge of sustainable agriculture 
concepts. 
6. The use of computers as a teaching tool to learning about 
sustainable agriculture was well received by both students and 
teachers. 
7. Student's place of residence (living on a farm) contributed 
positively to posttest scores. Similarly, student gender, student 
academic achievement, and teacher tenure contributed to student 
posttest scores. 
8. Iowa agriculture students preferred interactive and experiential 
learning activities. 
9. Conventional instructional techniques met with much disfavor, among 
Iowa agriculture students. 
10. The Sustainable Agriculture Manager instructional materials can be 
disseminated without requiring teacher participation in a workshop 
related to the materials. It should be noted that teachers who did 
not attend the workshop had a higher percent of questions during the 
testing of the materials and felt that a workshop would have given 
them hands-on experience using the software under direct supervision 
of the developer. 
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Recommendat ions 
Based on the findings and conclusions identified in this study, the 
following recommendations were made. 
Instructional materials about sustainable agriculture should address 
the needs of all students (rural and urban) enrolled in agriculture 
classes. New instructional materials must be concerned with stimulating 
teacher interest and increasing the teacher's knowledge as well as the 
student's knowledge. 
Instruction on conservation of energy and natural resources is a 
growing concern and must be addressed in our public education system to 
ensure these resources will be available for future use. By developing 
it on the local level, the wisdom and experience of experienced farmers 
can be used to help facilitate the succession of knowledge to our 
students. 
New teaching strategies should be included in agriculture curriculum 
when feasible to stimulate interest and increase student awareness of 
topics being taught. Materials incorporating problem solving, decision 
making, or critical thinking skills should be interjected into the 
agriculture curriculum where feasible. 
Workshop training, if used, should not only include subject matter 
content, but also instructional techniques found to be most appropriate 
for increasing student interest and skill building in problem solving, 
decision making, and critical thinking. 
Teachers should be encouraged to seek additional training using 
computers in the classroom and additional knowledge of sustainable 
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agriculture concepts. Teachers should be encouraged to use computers in 
all agriculture subjects to facilitate learning at the student's pace. 
Software utilizing problem solving should be emphasized, steps need to 
be taken eliminate barriers in utilizing computers in the classroom. 
This can be accomplished by encouraging schools to purchase additional or 
updating existing computer hardware and software and purchasing of 
teaching materials that include the use of computers. 
Experimental procedures should be used when feasible in curriculum 
evaluation prior to general dissemination. 
With minor changes, the sustainable agriculture instructional unit 
should be disseminated to Iowa teachers. 
Through this study, a number of related areas for additional 
research were identified. 
Similar studies in other states should be conducted to compare 
effectiveness of the sustainable agriculture instructional unit. 
Studies should be conducted to determine the effects of 
instructional units containing software programs on subject matter 
learned and thinking skills developed. Student motivation to work with 
software as well as the educational benefits of the software should be 
studied. 
Studies should be conducted to determine the effects of student 
learning preferences as related to content of instructional units being 
taught. Studies should be conducted to determine what additional student 
and teacher characteristic and situational variable contribute to student 
success in developing knowledge about agriculture. 
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SUMMARY 
The purpose of this study was to evaluate the extent of use and 
effectiveness of an instructional unit on sustainable agriculture using a 
computer program to increase environmental awareness, enhance 
understanding of environmental problems, and promote the resolution of 
environmental issues in educational settings. More specifically, this 
study was designed to: 1) determine the educational value of an 
instructional unit on sustainable agriculture as measured by student and 
teacher perceptions; 2) determine the effectiveness of the instructional 
unit as measured by student knowledge of sustainable agriculture; 
3) identify characteristic and situational variables that contribute to 
student success in developing knowledge of sustainable agriculture; 
4) identify teacher characteristic and situational variables that 
contribute to student success in developing knowledge of sustainable 
agriculture; and 5) identify student and teacher characteristics and 
situational variables that affected student knowledge of the content in 
the sustainable agriculture instructional unit. 
This study was of a pretest-posttest experimental design. The 
population for this study consisted of agriculture students enrolled in 
selected Iowa high schools offering programs in agriculture. The sample 
consisted of 172 students from 16 Iowa secondary schools. Stratified 
sampling technique was used because of the feasibility of selecting 
individuals from a defined population. 
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Agriculture teachers were contacted and requested to cooperate in 
this study. Information sheets were developed to collect demographic 
information from students, student preference on learning activities in 
agriculture courses, and student opinion of the Sustainable Agriculture 
Manager instructional materials. Teachers completed an information sheet 
that collected demographic information and their opinion of the 
instructional materials. 
The following statements briefly summarize the major findings 
important to this investigation. 
A significant difference was observed in the pretest and posttest 
mean scores using the Sustainable Agriculture Manager computer program. 
Male students had significantly higher posttest mean scores than female 
students, but pretest mean scores were similar. 
A significant difference in posttest mean scores was observed for 
students living on farms and those living in a city. There was no 
significant difference discovered among the posttest mean scores based on 
the size of farm from which the students originated. 
A significant difference existed in the posttest mean scores of 
students with high academic achievement and those with low academic 
achievement. Students with high Iowa Test of Development (ITED) test 
scores had significantly higher posttest mean scores than did those 
students with low ITED test scores. Test L-literature was the only ITED 
test area where no significant differences were discovered in posttest 
mean scores. 
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Teacher attendance at a workshop over the materials to be tested had 
no significant affect on student posttest mean scores. However, a 
significant difference did exist for the pretest mean scores when 
compared by teacher workshop participation. 
No significant differences were discovered among the posttest mean 
scores grouped by level of teachers' education. A significant difference 
existed in the pretest mean scores of students whose teacher had one to 
five years of tenure and those whose teacher had thirteen or more years 
tenure. 
Students preferred to learn by participating in field trips or 
educational tours while in an agriculture course. As a group, students' 
second preference of learning was laboratory and shop activities. A 
significant difference existed for the means of students in the eleventh 
and twelfth grades compared to students in the ninth and tenth grades in 
their preference to learn while presenting reports on topics that were 
interesting to them. This learning style also was preferred last by all 
students. Iowa agriculture students preferred interactive and 
experiential learning activities, whereas conventional instructional 
techniques met with much disfavor. 
The following statements briefly summarize the major implications 
resulting from the findings of this investigation. 
The high percent of students living on farms or in rural areas 
provides an excellent audience for instructional materials centering on 
current environmental issues, but instruction should address the needs of 
all students (rural and urban) enrolled in agriculture classes. It is 
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anticipated that these concepts may carry on to students' parents. 
Instruction on current environmental issues is only reaching a limited 
number of female students through agriculture classes. 
New instructional materials must be concerned with stimulating both 
teacher and student interest and knowledge.. New teaching strategies 
should be included in agriculture curriculum to help increase student 
awareness. The use of materials incorporating problem solving, decision 
making, or critical thinking skills should be a priority. The use of the 
computer in the classroom needs to be expanded. Teachers should be 
encouraged gain additional computer training and to purchase 
instructional materials that include software utilizing problem solving 
or decision making skills. Students need to be able to identify a 
problem, analyze the possible solutions, and select the most appropriate 
solution based on their knowledge. This is essential as students in 
agriculture today prepare to cope with the rapid changing world. 
This study did not attempt to determine the most effective 
instructional strategies or techniques necessary to teach sustainable 
agriculture concepts. It is conceivable that other strategies or 
techniques could be just as effective as those used in this study. The 
Sustainable Agriculture Manager instructional unit and computer program 
were successful in increasing student knowledge of sustainable 
agriculture concepts, as well as be used in teaching management and 
conservation of natural resources to students in agriculture. 
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of Science and Technolo 
Department of Agricultural Education and Studies 
201 Curtiss Hall 
Telephones: 
Administration and Graduate Programs 515-294-5904 
Ames, Iowa 50011-1050 
< teacher name> 
< school > Research and Extension Programs Undergraduate Programs 
515-294-5872 
515-294-6924 
< location > -
Dear < teacher name >; 
The Agricultural Education and Studies Department at Iowa State University is initiating a study to evaluate 
the effectiveness of a sustainable agriculture instructional unit utilizing a computer program and support 
materials as in Interest approach to learning. Your school was selected to participate in this study form a 
select group of Iowa schools offering agriculture education that had expressed an interest In enhancing 
their present agriculture curriculum. 
We will be trying to determine if the Instructional unit improves upon existing sustainable agriculture 
materials in motivating student learning, and Improving their awareness and values toward conservation of 
natural resources. 
Specifically, we ask that you meet the following criteria: 
1. Teach the sustainable agriculture instructional unit for ten days between April 1 and April 30,1991. 
Lesson plans, objectives, worksheets, transparency masters, and computer program diskettes will 
2. Direct students In completing pretest and posttest evaluations. Keep a daily log of teaching successes 
and problems, and student responses while teaching the Instructional unit. 
3. Attend a workshop at Iowa State University on March 23,1991 on the use of the instructional materials. 
The preservation of natural resources has become a priority in agricultural education throughout the 
nation. We believe that tested sustainable agriculture curriculum is vital to accomplishing this priority. 
Your participation In this effort will ensure that other agriculture teachers have up-to-date tested 
instructional materials. Our ultimate goal is to produce a tested Instructional packet which will be 
distributed to ail Iowa agricultural education teachers. 
Please be assured that we are not evaluating you or your school. All data will be reported In group 
summary from. Your Individual school scores will be held In strict confidence and destroyed after final 
analysis. 
Please use the response form to give us your response so we may plan the next phase of the project. We 
have enclosed a self-addressed stamped envelope for your reply. If you have any questions, or desire 
more information, please indicated on the reply form or call us at (515) 294-0901. 
be provided. 
Sincerely, 
Gaylan Scofield 
Research Assistant 
Alan A. Kahier 
Professor 
Eldon Weber 
Conservation Education Coordinator 
Enclosure: Stamped return envelope & response form 
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loWCl StCltC University of science and Technology 
Sustainable Agriculture Manager 
Response Form 
<teacher name> 
< school > 
< location > 
<phone> 
Please verify the above information and make any corrections. 
I Ames, Iowa 50011-1050 
Department of Agricultural Education and Studies 
201 Curtiss Hall 
Telephones: 
Administration and Graduate Programs 515-294-5904 
Research and Extension Programs 515-294-5872 
Undergraduate Programs 515-294-6924 
YES, I have discussed this project with my principal and would be willing to assist In the instructional 
UrïïFevaluation. I agree to meet the criteria presented in your letter. 
Class you will use: 
Number of students: 
Type and model of computer equipment to be used: 
APPLE MS-DOS 
Size of program diskettes required: 
5.25" 3.5" 
Size of data diskette required: 
5.25" 3.5" 
NO, I do not wish to participate in this project at this time. 
Please return this response form as soon as possible so we can complete the next phase of this project. If 
you have additional questions, please list on the back of this sheet along with the best time to phone you. 
You will receive additional information as our plans are finalized. Thank you. 
Return to: 
Gaylan Scofleld 
Department of Agriculture Education & Studies 
223 Curtiss Hall 
Iowa State University 
Ames, Iowa 50011 
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of Science and Technolo 
Department of Agricultural Education and Studies 
201 Curtiss Hall 
Telephones: 
Administration and Graduate Programs 515-294-5904 
Antes, Iowa 50011-1050 
< teacher name> 
< school > Research and Extension Programs Undergraduate Programs 
515-294-5872 
515-294-6924 
<location> G— 
Dear < teacher name>: 
Plans have been made for the "SAM" Sustainable Agriculture Manager workshop. It will be held on 
March 23,1991 from 9:00 a.m. until 11:45 a.m. in room 224 Curtiss Hall. We have designed the workshop 
for Interaction between you and SAM. 
I have enclosed a copy of the workshop agenda for your review. If you can not attend this 
workshop, please call me after 6 p.m. at home (515) 733-2716. 
Gaylan Scofield 
223 Curtiss Hall 
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of Science and Technolo 
Department of Agricultural Education and Studies 
201 Curtiss Hall 
Telephones: 
Administration and Graduate Programs 515-294-5904 
Ames, Iowa 50011-1050 
Research and Extension Programs 
Undergraduate Programs 
515-294-5872 
515-294-6924 
"S.A.M." 
SUSTAINABLE AGRICULTURE MANAGER 
WORKSHOP 
March 23,1991 
Room 224 Curtiss Hall 
Iowa State University 
Enter via WEST main doors 
9:00 - 9:10 a.m. Registration 
9:10- 9:20 a.m. Overview of Project 
Eidon Weber, Conservation Education Coordinator 
9:20- 9:30 a.m. Preview of What's Coming? 
Eidon Weber 
9:30- 9:40 a.m. What is Sustainable Agriculture 
Gaylan Scofield, SAM author 
9:40 -10:00 a.m. Review of Materials & Field Test Procedures 
Gaylan Scofield 
10:00-10:10 a.m. BREAK 
10:10 -11:00 a.m. Using "SAM" (hands-on training) 
Gaylan Scofield 
11:00 -11:30 a.m. Sharing Teaching Ideas using "SAM" 
Agriculture Teachers 
11:30 -11:45 a.m. Questions and Answers 
11:45 a.m. Adjourn 
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APPENDIX B. STUDY INSTRUMENTS 
COMPUTERIZED SUSTAINABLE AGRICULTURE EDUCATION 
The Agriculture Education and Studies Department is In the process of developing a "user friendly" computer 
program (Apple II, MS-DOS, Macintosh versions) to provlj^Students with problem-solving and decision-making 
experiences in selecting "best management practices" to prevent groundwater contamination, sustain natural 
resources (water, soil, forests, and wildlife), and conserve energy. 
In addition to the computer program, this Instructional package will contain support materials consisting of 
teaching objectives, teaching outline, suggested activities, visual masters, student activities, student 
handouts, and suggested references. This Instructional package supports the previous materials. Groundwater 
Protection Through Prevention, but could also be used as a stand-alone package. 
This instructional package will be field tested in the classroom during the Spring of 1991 and will be made 
available to Iowa teachers during the Summer. Your help is needed to determine suitable locations to serve 
as test sites. Please provide information about the quantity and type of computer equipment you have 
available in your school. Thank you for your help. 
Project Director 
David L. Williams 
Professor & Head 
Dept. Ag. Education & Studies 
Iowa State University 
Project Coordinator 
El don C. Weber 
U.S. Soil Conservation Service 
ISU/SCS Liaison 
Iowa State University 
Project Developer 
Gaylan Scofield 
Research Assistant ISU 
ASTM & Computer Inst. 
West Marshall School 
Name: School : Phone: 
Are you interested in taking part in field testing the Sustainable Agriculture materials? yes no 
How many computers do you have in your classroom? What kind? Apple II MS-DOS Macintosh 
Does your school have a computer lab? yes no If yes, do you have access to it? yes no 
What kind of computers is in the lab? Apple II MS-DOS Macintosh How many? 
Please check those computers and related equipment you have available for your use in classes. 
Average number of drives per computer 
APPLE II or LASER 128: 
Kind Number Monitor 
Mono Color 5.25" 3.5" 
II 
_ 
He 
lie 
IIc+ 
Hgs 
Laser 128 
Laser 128ex 
Average available memory per machine? K 
Modem yes no Type of printer ImageWriter Epson or compatible Other 
MS-DOS or COMPATIBLE: 
XT 
AT 
386 
Mono Color 5.25" 3.5" Fixed 
Average available memory per machine? K 
Modem yes no Type of printer ProPrinter Epson or compatible Other 
MACINTOSH: 
Plus 
SE 
SE20 
SE30 
3.5" Fixed 
Average available memory per machine? K 
Modem yes no Type of printer ImageWriter LaserWriter Other 
OTHER COMMENTS (USE BACK) 
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PLEASE READ THESE INSTRUCTIONS PRIOR TO 
USING THE SUSTAINABLE AGRICULTURE MANAGER 
INSTRUCTIONS 
READ AND FOLLOW THESE 
DIRECTIONS FOR USING THE SUSTAINABLE AGRICULTURE MANAGER 
Much of the success of this research project depends to a great extent on the accuracy with which 
you carry out the procedures for using the Sustainable Agriculture Manager. Therefore, it is vital that the 
following instructions be adhered to as closely as practicable. 
Each student taking part in this test is to be assigned ONE I D.#. No student is to complete the 
computer program more than once in the WORKS HE ETT MODE or the TEST MODEL 
AS THE PROGRAM WILL OVER-WRITE THE STUDENTS DATA FILES ON THE DATA DISKETTE. 
THUS MAKING THE STUDENTS DATA INVALID. If a student is in two classes, they should use the 
program only for one class during the testing period. 
A teaching outline has been provided for your use. Please allow ten class days for the test. This 
may be lengthened if your computer access is limited. Please explain to your students that their part in 
this test is important. Please READ ALOUD to the students the following two paragraphs contained on 
the Student Participation Form. 
Dear Agriculture Student: 
During the next several days your agriculture instructor will be asking for your cooperation in 
collecting some very important information. This information consists of three parts: an information 
sheet which will ask you some general questions; a computer program which will measure your sustainable 
agriculture knowledge; and a student evaluation form for the materials you used. Your instructor will also 
be recording other factual data about your school work. All of this information will only have an 
identification number (I.D.#). Your name will not appear anywhere on this information. 
Your participation in this project is strictly VOLUNTARY. Please SIGN vour name on the 
STUDENT PARTICIPATION FORM if you agree to participate in this project. The I D.# assigned to you 
by your instructor will be recorded on the PARTICIPANT USER LIST. Tin's form will be used by your 
instructor to identify which computer program and data diskette that has been assigned to you. If you 
have questions about anything, please ask your instructor. 
It is important for your students to understand: 
a. The information they are providing will only be identified with a number (I.D.#). They vnll remain 
totally anonymous. 
b. You do not have access to the answers of any of the questions that are asked in the computer program. 
You will be participating in this project. 
c. That they answer each of the questions to the best of their ability, and as truthfully and honestly as 
possible. 
d. They will need to be in attendance for the next ten successive days. Absences and tardiness to class 
will prevent them from having sufiicient time to complete the three parts. 
e. That they should be very careful with the computer diskettes. The information stored on them will be 
scored by a computer at Iowa State University and used for research purposes. 
Your students may ask questions related to the project at this time and you should answer them 
based upon your knowledge, and the information and materials received from the researcher. 
If they agree to participate in this project, have them SIGN their name neatly in the space 
provided on STUDENT PARTICIPATION FORM. 
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STUDENT PARTICIPATION FORM 
NAME 
I.D.# 
Dear Agriculture Student: 
During the next several days your agriculture instructor 
will be asking for your cooperation in collecting some very 
important information. This information consists of three parts; 
an information sheet which will ask you some general questions; a 
computer program which will measure your sustainable agriculture 
knowledge; and a student evaluation form to evaluate the 
materials you used. Your instructor will also be recording other 
factual data about your school work. All of this information 
will only have an identification number (I.D.#). Your name will 
not appear anywhere on this information. 
Your participation in this project is strictly VOLUNTARY. 
Please SIGN vour name on the STUDENT PARTICIPATION FORM if you 
agree to participate in this project. The I.D.# assigned to you 
by your instructor will be recorded on the PARTICIPANT USER LIST. 
This form will be used by your instructor to identify which 
computer program/data diskette that has been assigned to you. If 
you have questions about anything, please ask your instructor. 
Part I. 
Please complete the following background questions. 
1. Circle your current grade level. 9 10 11 12 
2. Circle your current age. 14 15 16 17 18 
3. Circle your gender. Male Female 
4. Including this semester, how many semesters of agriculture 
have you completed? 
5. Including this year, how many years have you been in F.F.A.? 
6. Check ONE area below which most closely describes where you 
live: 
in city limits in a house or apartment 
outside of town or city limits, but not on a farm 
on a farm if on a farm, how many acres? 
Continue to Page 2 
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Part II. 
The following questions have no "right" or "wrong" answers. The 
answers you give show how you prefer to learn things in school 
and everyday activities. 
INSTRUCTIONS; Below are listed some of the ways in which you 
learn. As you read each statement, please respond to each item 
as you feel about it using the 1 to 99 scale described below. 
Level of Preference 
1 25 50 75 99 
— f —H——————— H 
No Little Some Much Very Much 
EXAMPLE: I prefer to learn: 
40 by studying facts, facts, and more facts. 
While in an agriculture class, I prefer to learn: 
1. using audiovisual materials (films, slides, video 
tapes, etc.). 
2. in cooperative learning groups with my classmates. 
3. when I can use a computer. 
4. presenting reports on topics that are interesting to 
me. 
5. using independent study. 
6. by formalized instruction (lecture, teacher 
assignments, homework). 
7. from student demonstrations. 
8. in laboratories and shop activities. 
9. by hearing reports on topics selected by other 
students. 
10. by participating in field trips or educational tours. 
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DAILY INSTRUCTIONAL REPORTING FORM 
School: I.D.# 
Day Objective 
taught 
Time to 
complete 
What worked or 
didn't work 
Suggested improvements, 
changes, or comments 
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INSTRUCTIONS FOR RECORDING DATA FROM THE STUDENT'S CUMULATIVE FOLDER 
This very important part of the project will conclude your valuable assistance in this research 
effort. You will need the "STUDENT DATA SHEET" supplied in the packet of information you received 
and the student I.D.#'s you have pre assigned your students on the PARTICIPANT USER LIST. This task 
will be immensely easier if there is a staff member in the counseling office whom you can both persuade 
and rely upon to record this important data ACCURATELY AND PRECISELY. BEGIN THIS PROCESS 
1MMEDIATELY--IT IS TIME CONSUMING AND ACCURACY IS VITAL. 
On the STUDENT DATA SHEET, the student I.D.#'s are in alpha-numerical order down the far 
left hand column. Locate the student's cumulative folder which corresponds to their I.D.# and LEGIBLY 
record the information requested. The person recording the data should print their name and telephone 
number at the top of the STUDENT DATA SHEET. 
DIRECTIONS 
Some of these data will not be available to you. Please be as thorough as possible In completing this data 
sheet and provide as much of the requested information as possible. 
Column 1—Class Rank 
Record the class rank of the individual JF it is available from their cumulative folder or from 
other school sources. It may be indicated as shown in the following example: 
68 indicates that this individual ranks sixty-eighth 
110 in the class of one hundred and ten. 
Column 2-Percentile Rank 
Record the percentile rank of the individual IF it is available from their cumulative folder or from 
other school sources. 
Column 3—Cumulative Grade Point Average 
Record the Cumulative Grade Point Average of the individual student in this column. This will 
vary depending upon the total number of courses the individual student has completed in high school 
(grades 9-12). The GPA is based on a 4.0 basis. 
Column 4—Level I or Level H 
Record the level of ITED series of tests which your high school administered. If this is NOT 
APPLICABLE, enter n/a in the column for each student to which it applies. If ninth grade students have 
no ITED test scores, enter n/a. 
Column S through 12—l i KD Battery Scores 
From the Individual Profile which should be found in the student's cumulative folder, record the 
STANDARD SCORE for each of the subtests shown on the Student Data Sheet in the columns shown 
below: 
Column 5-Correctness and Appropriateness of Expression-TEST E 
Column 6-Quantitative Thinking-TEST Q 
Column 7-AnaIysis of Social Studies Materials(Part 1 & 2)-TEST SS 
Column 8-Analysis of Natural Science Materials(Part 1 & 2)-TEST NS 
Column 9"Literary Materials—TEST L 
Column 10-Vocabulary-TEST V 
Column 11-Uses of Sources of Information—TEST SI 
Column 12-Reading Total Score-Test RT 
Column 13—I TKD Composite Score 
Record the ITED Composite Score from the Individual Profile which should be found in the 
student's ITED results within their cumulative folder. 
Column 14—Date of Test 
Enter the date (month and year) in which the ITED Battel^ of Tests were most recently 
administered to the individual students. 
••9th Grade students who do not yet have ITED scores may be ignored. PLEASE NOTE THEM WITH A 
"N/R"-NO RECORD. 
STUDENT DATA SHEET 
SCHOOL: PERSON RECORDING DATA: PHONE: 
1 2 3 4 5 6 7 13< 8 9 10 11 12 13 14 
ID 
NO 
CLASS 
RANK 
% ILE 
RANK 
CUM. 
GPA 
LEVEL 
1 OR 2 
ITED 
E 
ITED 
Q 
ITED 
SS 
ITED 
NS 
ITED 
L 
ITED 
V 
ITED 
SI 
ITED 
RT 
ITED 
COMP 
DATE 
OF 
TEST 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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INSTRUCTOR EVALUATION FORM SCHOOL I.D.# 
Part I. 
INSTRUCTIONS: Please respond to each item (1-58) as you feel about it using 
the 1 to 99 scale described below. 
Level of Agreement 
1 25 50 75 99 
+ — — — — — — — — — — — — — — — — — — — + — — — — — — — — — — — + — — — — — — — — — — — + 
Do Not Somewhat Agree Mostly Completely 
Agree Agree Agree Agree 
EXAMPLE: 
*. 85 Sustainable agriculture should be taught to all agriculture students. 
While using the Sustainable Agriculture Manager materials, I found: 
1. the instructor's guide explaining computer operation was adequate. 
2. the general program instructions provided sufficient information 
to use the computer program. 
3. the computer setup options information was adequate to configure 
the program for your computer system. 
4. the participant instructions provided clear step-by-step 
instructions for the intended users. 
5. the lesson objectives for Lesson 1 were suitable for the unit. 
6. the lesson objectives for Lesson 1 matched the content of the 
computer program. 
7. the visual masters for Lesson 1 contained the right amount of 
information for the concepts being presented. 
8. the visual masters for Lesson 1 were easy for the participants to 
understand. 
9. the activities for Lesson 1 were suitable for the unit. 
10. the activities for Lesson 1 were suitable for the participants. 
11. the activities for Lesson 1 helped participants master the 
concepts presented. 
12. the information sheets for Lesson 1 were suitable for the unit. 
13. the information sheets for Lesson 1 were suitable for the 
participants. 
14. the information sheets for Lesson 1 provided enough information 
for participants. 
15. the interest approach for Lesson 1 was adequate. 
16. the interest approach for Lesson 1 was suitable for the 
participants. 
17. the interest approach for Lesson 1 supported the lesson 
objectives. 
Continue with Page 2 
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18. the teaching procedures for Lesson 1 were clear. 
19. the teaching procedures for Lesson 1 provided enough detail. 
20. the teaching procedures for Lesson 1 matched the lesson 
objectives. 
21. the lesson objectives for Lesson 2 were suitable for the unit. 
22. the lesson objectives for Lesson 2 matched the content of the 
computer program. 
23. the visual masters for Lesson 2 contained the right amount of 
information for the concepts being presented. 
24. the visual masters for Lesson 2 were easy for the participants to 
understand. 
25. the activities for Lesson 2 were suitable for the unit. 
26. the activities for Lesson 2 were suitable for the participants. 
27. the activities for Lesson 2 helped participants master the 
concepts presented. 
28. the information sheets for Lesson 2 were suitable for the unit. 
29. the information sheets for Lesson 2 were suitable for the 
participants. 
30. the information sheets for Lesson 2 provided enough information 
for participants. 
31. the interest approach for Lesson 2 was adequate. 
32. the interest approach for Lesson 2 was suitable for the 
participants. 
33. the interest approach for Lesson 2 supported the lesson 
objectives. 
34. the teaching procedures for Lesson 2 were clear. 
35. the teaching procedures for Lesson 2 provided enough detail. 
36. the teaching procedures for Lesson 2 matched the lesson 
objectives. 
37. the participant information section contained the right amount of 
information. 
38. the participant information section contained information suitable 
for the participants. 
39. the participant information section was easy to understand. 
40. the participant information section supported the unit objectives. 
41. the participant information section contained enough information 
to explain sustainable agriculture. 
Continue with Page 3 
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42. the participant information section was organized in a logical 
order. 
43. the photos in the participant information section were a benefit 
to the participants. 
44. the photos in the participant information section were suitable 
for the topics discussed. 
45. the sustainable practice summary table in the participant 
information section was easy for the participants to use. 
46. the sustainable practice summary table in the participant 
information section was easy to understand. 
47. the individual sustainable agriculture fact sheets in the 
participant information provided suitable information. 
48. the underlined vocabulary words were beneficial to the 
participants. 
49. the glossary contained sufficient information explaining the 
vocabulary words. 
50. the glossary was easy for participants to use. 
51. the bibliography provided suitable information. 
52. the computer screen instructions were easy to follow. 
53. the computer screens provided enough information for the 
participant to make the appropriate choices. 
54. the computer worksheet mode adds to the learning ability of the 
program. 
55. the computer test mode measures student learning. 
56. the computer printouts helped students identify necessary changes 
to improve their scores. 
57. the computer program content matched the written lesson 
objectives. 
58. the computer program provided a suitable environment to teach the 
concepts of sustainable agriculture. 
Part II. 
INSTRUCTIONS; Please respond to each item (59-61) as you feel about it using 
the 1 to 99 scale described below. 
Educational Value of the Material 
1 25 50 75 99 
+ + + + + 
Low Below Average Above High 
Average Average 
59. Overall educational value of the written materials. 
60. Overall educational value of the computer program. 
61. Overall educational value of the total package. 
Continue with Page 4 
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Part III. 
INSTRUCTIONS: Please complete the following questions. 
62. How many class periods did you spend working with the sustainable 
agriculture materials? 
63. Did you have enough time (10 days suggested) to cover all the learning 
objectives? (circle one) 
Yes No 
64. If you answered no above (question 63), how much time do you believe you 
would need to cover the learning objectives? Please state number of 
additional days required. 
Number of additional days required? 
65. Circle the level of class that received the instruction. 
9th 10th 11th 12th Combination of all 
66. Was the level of instruction appropriate for the student's level of 
learning? (circle one) 
Yes No 
67. If you answered no above (question 66), please indicate how the 
instructional unit should be revised. 
68. Please describe how the students reacted to the unit. 
69. Please complete the following table for the class(es) using the materials. 
Name of Class that is 
being tested 
Time of day the class 
is taught 
Length of the class 
period (minutes) 
Continue with Page 5 
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70. Please write the I.D.#'s of students whom you feel have a severe handicap 
or for some reason would do poorly using the materials provided. Also 
identify the type of handicap next to the I.D. #. 
I.D.# Handicap I.D.# Handicap 
71. Please make additional comments below about the materials you have used. 
Part IV. 
Please complete the following background questions about your agriculture program 
and yourself. 
72. Name: 73. Age: 
74. Circle your highest level of college education: 
Bachelor's Master's Doctorate 
75. Number of years you have been teaching agriculture? 
76. Number of years you have taught at current school? 
Use the scale below to answer questions 77 and 78. 
Level of Knowledge 
1 25 50 75 99 
Low Below Average Above High 
Average Average 
77. How would you describe your knowledge of using computers in the 
classroom? 
78. How would you describe you knowledge of sustainable agriculture? 
Continue with Page 6 
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79. % Approximately what percentage of your agriculture curriculum is 
devoted to sustainable agriculture? 
80. What subject area(s) in sustainable agriculture do you most enjoy teaching? 
Thank you for a job well done. 
Please return all materials as soon 
as possible in the container provided. 
6 
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STUDENT EVALUATION FORM STUDENT I.D.# 
Part I. 
INSTRUCTIONS: Please respond to each item (1-25) as you feel about it using 
the 1 to 99 scale described below. 
Level of Agreement 
1 25 50 75 99 
+ — — — " — — — — — — + — — — — — — — — — — — — — — — — — — — — + — — — — — — — — — — — + 
Do Not Somewhat Agree Mostly Completely 
Agree Agree Agree Agree 
EXAMPLE; 
*. 85 Sustainable agriculture should be taught to all agriculture students. 
While using the Sustainable Agriculture Manager materials, I found; 
1. the participant's instructions explaining the computer program were 
easy to understand. 
2. the participant's instructions provided enough information to give 
a thorough understanding of how the computer program functioned. 
3. the lesson objectives were clear. 
4. the lesson objectives were attainable. 
5. the lesson objectives helped you make decisions in the computer 
program. 
6. the visual masters provided key concepts needed to understand the 
material. 
7. the visual masters were easy to understand. 
8. the word builder activities were suitable to help master the 
sustainable agriculture vocabulary. 
9. the student activities helped to understand the sustainable 
agriculture concepts presented in the computer program. 
10. the introductory information sheets (letters & planning worksheet) 
helped set the stage for the rest of the educational unit. 
11. the participant information section was easy to read. 
12. the participant information section provided enough information on 
sustainable agriculture to effectively complete the computer 
program. 
13. the underlining of keywords in the participant information section 
helped to identify important vocabulary words. 
14. the photos contained in the participant information section help 
explain the information presented. 
15. the sustainable practice summary table was easy to use. 
16. the sustainable practice summary table was easy to understand. 
Continue with Page 2 
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17. the glossary was easy to use. 
18. the glossary provided enough information to explain the key 
vocabulary words. 
19. the computer program screen instructions were easy to use. 
20. the computer program summary screens provided enough information to 
understand how the score was determined. 
21. the computer program was fun. 
22. the computer program made learning about sustainable agriculture 
easy. 
23. the computer program helped to increase your sustainable agriculture 
knowledge. 
24. the computer program required you evaluate your decisions before you 
selected your answer. 
25. the printouts of your answers were helpful in determining which 
management decisions needed to be changed to improve your scores. 
Part II. 
INSTRUCTIONS: Please respond to each item as you feel about it using the 1 to 
99 scale described below. 
Educational Value of the Material 
1 25 50 75 99 
+ + + + + 
Low Below Average Above High 
Average Average 
26. Overall educational value of the written materials. 
27. Overall educational value of the computer program. 
28. Overall educational value of the total package. 
Part III. 
29. Please make additional comments below about the materials you have used. 
Thank you for a job well done. 
2 
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CHECKLIST OF MATERIALS TO BE RETURNED AT END OF TESTING 
1. Completed Student Participation Forms (YELLOW). 
2. Completed Student Data Sheet (GREEN). 
3. Completed Student Evaluation Forms (WHITE). 
4. Completed Instructor Evaluation Form (IVORY). 
5. All SAM Diskettes (PROGRAM AND DATA). 
Please package these materials in the container provided. A 
mailing lable has been provided. Due to the variability in 
shipping rates, I will RE-IMBURSE you (or the school) for 
shipping expense if you send me a billing. Please return these 
materials by UPS to me immediately upon completion. It is very 
important that these materials reach the researchers as soon as 
possible to facilitate the analysis of them. 
Your cooperation in this research project has been very much 
appreciated. We would like to express our sincere appreciation 
to you and your students for undertaking this monumental task. 
After completion of the analysis, we will send you any revisions 
of the printed materials for your teaching notebook, as well as a 
complete set of "SAM - Sustainable Agriculture Manager" computer 
diskettes based on the system you used during testing. 
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SUSTAINABLE AGRICULTURE MANAGER COMPUTER PROGRAM QUESTIONS 
The following questions were presented and automatically scored by the computer program based on student 
response. 
Alternative Land Use: The nearby city has approached you about leasing Field 1 and using the north half for a 
landfdl. What will you do? 
Lease to city for use as a landfill 
Do not lease for a landfill 
Alternative Land Use: The city also wants to spread sewage sludge on the south half. What will you do? 
Lease to city for sewage sludge spreading 
Do not lease for sewage sludge spreadmg 
Farm Well: Is your farm well located in a: 
Shallow well a^iiifer 
Deep well aquifer 
Farm Type: Which farm type will you use this year? 
Crop 
Crop and Livestock 
Livestock Waste Management System: How will you store your livestock waste from the feedlot? 
Construct concrete slab to store solids with vegetative filter strips 
Construct concrete storage area to contain sohd and liquid waste 
Pile waste in feedlot and allow the liquids to run off to Field 3 
Farmstead Concern: The farmstead well is located close to the feedlot. Will you: 
Drill a new well in a different location 
Sample, monitor, and maintain the well on a regular basis 
Take necessary measures to start using the abandoned well in Field 3 
Do nothing since it has not been a problem before 
Feedlot Waste Management Special Concerns: When will you apply your livestock waste? 
Apply manure in the spring 
Apply manure in the winter 
Wildlife Area Special Concerns: Your wildlife area is becoming overrun with small tree seedlings, brush, and 
weeds. What do you want to do? 
Clear all vegetative growth and then reseed the area 
Remove some vegetative growth and use mechanical weed control 
Remove some vegetative growth and use chemical weed control 
Leave as is, but protect from livestock and feedlot runoff 
Field 1 Special Concerns: Excess surface water drains towards the feedlot and farmstead. What will you do? 
Build terraces to move water to Field 2 waterway 
Continue as before with no changes 
Field 2 Special Concerns: Excess surface water flows thru the feedlot from this field. What will you do? 
Reseed the waterway flowing thru the feedlot 
Build diversion to move water around feedlot towards NE waterway 
Build a diversion to move water around feedlot towards pond in Field 3 
Continue as before with no changes 
Field 3 Special Concerns: Excess surface water drains towards the wildlife area and a sinkhole is developing 
next to the waterway which empties into the pond. Will you: 
Seal the sinkhole 
Divert water away and protect sinkhole with vegetative filter strip 
Do nothing since wildlife area needs water and farm around sinldiole 
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Field 3 Special Concerns: An abandoned well is located in the southwest corner of the field. What will you do? 
Take corrective measures to plug the abandoned well 
Leave the well as is since it does not restrict farming operation 
Field 4 Special Concerns: A wetland area exists around the wildlife area due to poor drainage. What will you 
do? 
Improve subsurface tile drainage and crop it 
Develop it with wetland plantings and add it to the wildlife area 
Crop it without improving drainage 
Field 4 Special Concerns: Field 4 contains an agricultural drainage well in the northeast comer. What will you 
do? 
Place a vegetative filter strip around the drainage well 
Close the surface inlet but continue subsurface tile drainage 
Take corrective steps to seal it correctly 
Continue to farm as before since it has not been a problem 
Crop Rotation; Which crop rotation will you use for Field 1? Field 1, Sandy loam, excessively drained, 9-14% 
slope, 180 feet long 
Contmuous com rotation 
Corn/Soybean rotation 
Corn/Soybean/Oats/Alfalfa rotation 
Corn/Oats/Alfalfa/Alfalfa rotation 
Conservation Practice: Which conservation practice will you use for Field 1? Field 1* Sandy loam, excessively 
drained, 9-14% slope, 180 feet long 
Continue straight row farming to accommodate large equipment 
Contouring 
Contour stripcropping 
Tillage System: Which tillage system will you use for Field 1? Field 1, Sandy loam, excessively drained, 9-14% 
slope, 180 feet long 
No-till with no soil disturbing practice used before planting 
Conservation till with at least 30% crop residue left e^ter planting 
Conventional till using plow/disk/harrow/plant 
Ridge-till with 6 ridges and at least 50% crop residue after planting 
Crop Rotation: Which crop rotation will you use for Field 2? Field 2, Silt loam, well drained, 5-9% slope, ICQ 
feet long 
Continuous corn rotation 
Corn/Soybean rotation 
Com/Soybean/Oats/Alfalfa rotation 
Corn/Oats/Alfalfa/Alfalfa rotation 
Conservation Practice: Which conservation practice will you use for Field 2? Field 2, Silt loam, well drained, 5-
9% slope, 100 feet long 
Continue straight row farming to accommodate large equipment 
Contouring 
Contour stripcropping 
Tillage System: Which tillage system will you use for Field 2? Field 2, Silt loam, well drained, 5-9% slope, 100 
feet long 
No-till with no soil disturbing practice used before planting 
Conservation till with at least 30% crop residue left after planting 
Conventional till using plow/disk/harrow/plant 
Ridge-till with 6 ridges and at least 50% crop residue after planting 
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Crop Rotation; Which crop rotation will you use for Field 3? Field 3 - Clay loam, moderately well drained, 2-
5% slope, 140 feet long 
Continuous Com rotation 
Com/Soybean rotation 
Com/Soybean/Oats/Alfalfa rotation 
Corn/Oats/Alfalfa/Alfalfa rotation 
Conservation Practice; Which conservation practice will you use for Field 3? Field 3 - Clay loam, moderately 
well drained, 2-5% slope, 140 feet long 
Continue straight row farming to accommodate large equipment 
Contouring 
Contour stripcropping 
Tillage System; Which tillage system will you use for Field 3? Field 3 - Clay loam, moderately well drained, 2-
5% slope, 140 feet long 
No-till with no soil disturbing practice used before planting 
Conservation till with at least 30% crop residue left after planting 
Conventional till using plow/disk/harrow/plant 
Ridge-till with 6 ridges and at least 50% crop residue after planting 
Crop Rotation; Which crop rotation will you use for Field 4? Field 4 - Silty clay loam, poorly drained, 0-2% 
slope, 180 feet long 
Continuous Corn rotation 
Corn/Soybean rotation 
Corn/Soybean/Oats/Alfalfa rotation 
Corn/Oats/Alfalfa/Alfalfa rotation 
Conservation Practice: Which conservation practice will you use for Field 4? Field 4 - Silty clay loam, poorly 
drained, 0-2% slope, 180 feet long 
Continue straight row farming to accommodate large equipment 
Contouring 
Contour stripcropping 
Tillage System; Which tillage system will you use for Field 4? Field 4 - Silty clay loam, poorly drained, 0-2% 
slope, 180 feet long 
No-till with no soil disturbing practice used before planting 
Conservation till with at least 30% crop residue left after planting 
Conventional till using plow/disk/harrow/plant 
Ridge-till with 6 ridges and at least 50% crop residue after planting 
Commercial Fertilizer: Will you knife in your commercial fertilizer? 
Yes 
No 
Fertilizer Amount: How much fertilizer will you apply per field? 
Extra -150 bu/ac corn yield application 
High -110 bu/ac com yield application 
Credits - 50 bu/ac corn yield application plus manure/legume credits 
Fertilizer Application: When will you apply your commercial fertilizer? 
Fall 
Spring 
Spring Application; Which spring application will you use? 
Apply preplant 
Apply during plant growth 
Apply half preplant and half during plant growth 
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Basketball Tournament: The basketball tournaments are tomorrow. You have worked so hard and deserve a 
day off. How will you spend your day? 
Attend the basketball game 
Watch the basketball game on TV 
Chemical Storage: Where will you store your chemicals? 
Chemicals are stored in a building next to your well 
Chemicals are stored in a building away from well and other buildings 
Lawn and Garden Chemicals: How will you apply your lawn and garden chemicals this year? 
Broadcast by applying over whole yard and garden 
Check for pests first and apply where needed 
Use natural controls (mowing-mulching-hand picking pests) 
Herbicide Application: How will you apply your herbicides this year? 
Broadcast - spray over whole field 
Band - spray along rows only 
Spray where needed - check for weeds first 
No herbicides 
Sprayer: How will you fdl your sprayer? 
Add herbicide first then fill using hose connected to the well 
Add herbicide first then fill from portable supply tank in the field 
Chemical Containers: How will you handle your empty liquid chemical containers? 
Rinse and apply liquid to fîeld 
Do not rinse containers 
Insecticides: How will you apply your insecticides? 
Broadcast - spray over whole field 
Band - spray along rows only 
Spray where needed - check for insect pests first 
No insecticides 
Chemical Incorporation: Did you incorporate your farm chemicals this year? 
Yes 
No 
Cultivation: Did you cultivate the row crops this year? 
Yes 
No 
Fuel Storage: How do you store your fuel (gasoline and diesel)? 
Above ground 
Below ground 
Marketing; How will you market your crops? 
Sell now 
Store and sell later 
Sell half now and half later 
Marketing: How will you market your cattle? 
Sell now 
Wait and sell later 
Sell half now and half later 
Now that you are finished, How well do you think you did? 
Above Average 
Average 
Below Average 
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Student Comments about the Sustainable Agriculture 
Manager Instructional Unit 
I think it is a good and fun progreun. It really teaches you a lot. 
The computer was fun to use. 
The computer made it interesting. 
I found the computer package most enjoyable. 
Put the questions on the computer printout. 
I really like the computer program; it helped learn about sustainable 
agriculture. 
Need to have better instructions for the students on how to print. 
I feel that everyone in the school should do this program. 
Don't show the farm map so much. 
It made learning easy and fun. 
Number 24 down on word builder #2 does not fit. 
Number 35 on word builder #2 does not work. 
Too much reading material. 
Need to have reading material replaced by a video tape. 
This program was easy to understand. 
Each time you make change in a field, it should show up on the map. 
The program was fun; I hope we get to do it again. 
It was a good learning experience. 
I feel the program informs the student on possible effects of what 
appears to be simple decisions. 
This program was a lot of fun. It showed me some things about farming I 
never knew before. 
I think the program is great I I could go through it many times and learn 
something new. It's really fun and with a group of people, it really 
turns into a competition. 
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Using the computer was okay. I like it. I would like to do something 
like it again someday. 
The materials were very helpful and easy to understand. 
I think the program was good for learning, and I also think it was fairly 
easy to use. I like it and recommend it. 
I think it helped me learn a lot about soil and soil conservation. 
The computer program needed to be longer. 
Should have had more pictures and references on the program. 
I thought this was difficult for people who never have had any experience 
with farming. 
I don't like working with computers. 
Since I have a farming background, I got a lot out of this program; but a 
few of my friends had problems with it. 
I felt this was very educational. 
When I started this class, I had no idea about sustainable agriculture. 
I believe that using this computer program would help others as much as 
it has helped me. I also think it would be a good idea to have farmers 
use this program. Many of them have no idea how much they are hurting 
the land. 
This program helped me learn more about farming and agriculture. 
The maps were very helpful. 
The computer is an easy way to learn about agriculture. 
I learned more about sustainable agriculture. It was easy to do and the 
information was very helpful in doing the program. 
I enjoyed learning in a new manner. Materials were easy to understand, 
but some (word builders) were no challenge. Give us more challenge. I 
think it is an interesting study which other students would enjoy. 
This was a good program; it helped me learn more about agriculture. 
The computer program was the best thing. 
I thoroughly enjoyed it. It has helped me with future career decisions. 
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I think there should be more land so the students can do forestry, 
farming of other crops, and livestock. 
Sometimes the score was confusing, because if you did the right thing for 
the environment, you lost money and energy. 
I haven't really worked with sustainable agriculture before; therefore, I 
found everything interesting. It was kind of hard to remember what to do 
when I got to the computer screen. 
The computer program was better than lectures about the same topics. 
It is a good program which taught me a lot. It was more fun than just 
listening to lectures. 
Teacher Comments and Suggestions for Improvement of the Sustainable 
Agriculture Manager and Instructional Unit 
Lesson 1. Designing management systems for sustainable agriculture 
(common sense agriculture). 
Teachers reported they had good discussions with students about 
definitions. The interest approach worked well and put the students in a 
competitive mode. Visual masters had sufficient information to lead 
student discussion. The farm map and related activity helped the 
students plan their strategy for completing the computer program in the 
worksheet mode (pretest). 
Teachers indicated the use of the computer early on in the unit helped 
generate interest and competition among the students. Most felt the 
repeat function of the computer program in the worksheet mode increased 
learning on some of the harder sustainable agriculture concepts. 
Teachers reported students reacted favorably to the small group 
discussions after completion of the computer program. The questions 
provided in the teaching outline helped guide the students to determine 
ways to improve their cores. 
Teachers enjoyed teaching this unit. Many teachers indicated that the 
computer program was an excellent way to review sustainable agriculture 
concepts. 
Teachers indicated that a video would be beneficial in helping explain 
and show sustainable agriculture concepts. All indicated that students 
should have available the questions asked in the computer program when 
discussing their printouts (printout only gives student answers). 
Several teachers suggested the use of current magazine articles and 
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pictures related to sustainable agriculture to help reinforce those 
concepts covered in the program. 
Lesson 2. Practicing Sustainable Agriculture. 
Teachers reported the lesson was good and covered what teachers felt was 
important. Students were very interested in the subject area and good 
class discussion resulted, sometimes centering in on what was presently 
being done at home and how it may need to be changed to improve their 
sustainable agriculture effort. 
Teachers indicated good response to the word builder activities for 
students. Most felt this was a'good way for students to become familiar 
with vocabulary. It also got the students into the printed material. 
Teachers felt Word Builder 2 was too long and should be broken down into 
two activities since it took a considerable amount of time for students 
to complete. 
Teachers reported the Practice Summary Table was hard for students to 
understand. Most took class time to discuss the concepts contained 
within it which helped students. Many teachers indicated that a video or 
local slides could be utilized with the table and the Practice Summary 
Guide. Several teachers indicated that this was a lot of reading for 
students in the short time period they were using the materials. Some 
teachers indicated that field trips during this phase of the unit would 
be beneficial for students to observe some of the practices discussed in 
the Guide. 
Teachers indicated that the test mode (posttest) of the computer program 
generated lots of competition. The test mode went much faster. Teachers 
suggested that computer printouts contain the question as well as the 
answer for further discussion. 
Teachers felt that it may be beneficial to have teams complete the 
computer program as this would allow small group discussion while the 
decisions were being made. The use of a data show computer projection 
screen for the overhead projector would allow more in-depth discussion on 
each screen and the possible solutions and their outcomes. 
Overall, teachers felt their students reacted favorably to the unit. The 
computer was a new approach for some teachers and students. Teachers 
liked the change of pace it provided. A few teachers wanted more student 
activities to reinforce the concepts covered. 
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Table 28. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
E-expression 
Sustainable 
agriculture 
component 
Iowa Tests of Development 
E 
Low Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=54) (N=49) (N=61) (N=164) 
Pretest Scores 
Sustainable M® 37.17 41.65 44.75 41.33 3.16 0.045 
practices SD° 18.42 15.45 14.59 16.41 
Energy  ^ 11.44 14.27 14.02 13.24 1.20 0.304 
conservation 11.87 10.50 8.97 10.47 
Pr o f it ab i 1 it y® 36.63 39.33 38.51 38.13 0.75 0.474 
12.51 11.01 11.08 11.53 
Mean 28.41 31.75 32.43 30.90 2.27 0.107 
12.29 9.72 9.68 10.70 
-
Posttest Scores 
Sustainable 50.85 56.55 56.82 54.77 2.56 0.080 
practices 18.05 15.30 13.21 15.71 
Energy  ^ 17.57 22.14 21.26 20.31 3.23 0.042 
conservation 12.85 8.29 7.65 9.96 
Profitability® 39.28 43.76 43.54 42.20 2.29 0.104 
14.83 10.04 11.34 12.36 
Mean 35.90 40.82 40.54 39.10 4.00 0.020 
11.82 9.06 9.33 10.33 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 29. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
Q-quantitative thinking 
Sustainable 
agriculture 
component 
Iowa Tests 
Low 
of Development 
Q 
Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=51) (N=56) (N=57) (N=164) 
Pretest Scores 
Sustainable M^  38.24 38.13 47.25 41.33 6.03 0.003 
practices SD° 17.43 16.46 13.85 16.41 
Energy  ^ 12.55 12.00 15.09 13.24 1.40 0.250 
conservation 11.55 10.02 9.79 10.47 
Profitability® 36.18 37.55 40.46 38.13 1.98 0.141 
12.27 11.51 10.65 11.53 
Mean 28.99 29.23 34.26 30.90 4.50 0.013 
11.66 10.40 9.39 10.70 
-
Posttest Scores 
Sustainable 51.73 52.18 60.05 54.77 2.56 0.080 
practices 18.05 15.30 13.05 15.71 
Energy  ^ 17.24 19.61 23.75 20.31 6.37 0.002 
conservation 12.53 9.15 6.73 9.96 
Profitability® 40.29 40.05 46.02 42.20 4.34 0.015 
15.17 10.71 10.18 12.36 
Mean 36.42 37.28 43.27 39.10 7.85 0.001 
12.07 9.64 7.85 10.33 
= Mean. 
Highest known scale value was 80. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 30. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
SS-social studies 
Sustainable 
agriculture 
component 
Iowa Tests 
Low 
of Development 
SS 
Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=46) (N=56) (N=62) (N=164) 
Pretest Scores 
Sustainable M® 35.30 40.66 46.40 41.33 6.53 0.002 
practices SD° 18.62 15.31 14.08 16.41 
Energy  ^ 10.89 13.79 14.50 13.24 1.70 0.186 
conservation 11.70 10.54 9.24 10.46 
Profitability® 35.93 38.02 39.87 38.13 1.55 0.215 
10.84 13.36 10.06 11.53 
Mean 27.38 30.82 33.59 30.90 4.65 0.011 
11.76 10.58 9.30 10.70 
-
Posttest Scores 
Sustainable 50.61 54.32 58.27 54.77 3.27 0.041 
practices 19.87 14.30 12.58 15.71 
Energy  ^ 17.37 20.86 22.00 20.31 3.05 0.050 
conservation 13.68 8.85 6.86 9.96 
Profitability® 38.02 42.36 45.16 42.20 4.61 0.011 
15.98 10.25 10.15 12.36 
Mean 35.33 39.18 41.81 39.10 5.48 0.005 
13.00 9.36 7.95 10.33 
= Mean. 
Highest known scale value was 80. 
jSD = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 31. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
NS-natural sciences 
Sustainable 
agriculture 
component 
Iowa Tests of Development 
NS 
Low Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
{N=46) (N=56) (N=62) (N=164) 
Pretest Scores 
Sustainable M® 35.79 42.14 45.00 41.33 4.49 0.013 
practices SD° 18.20 12.86 16.93 16.41 
Energy  ^ 11.92 12.77 14.75 13.24 1.07 0.347 
conservation 11.25 10.27 9.97 10.47 
Profitability® 36.77 39.02 38.40 38.13 0.51 0.600 
12.46 10.77 11.55 11.53 
Mean 28.16 31.31 32.72 30.90 2.53 0.083 
11.83 9.22 10.77 10.70 
Posttest Scores 
Sustainable 50.38 55.20 57.90 54.77 3.17 0.045 
practices 17.78 13.69 15.15 15.71 
Energy  ^ 17.17 20.80 22.37 20.31 3.87 0.023 
conservation 12.99 7.67 8.52 9.96 
Profitability® 39.58 44.05 42.57 42.20 1.75 0.178 
15.69 9.57 11.47 12.36 
Mean 35.71 40.02 40.94 39.10 3.90 0.022 
11.83 8.42 10.19 10.33 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 32. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
L-literature 
Sustainable 
agriculture 
component 
Iowa Tests of Development 
NS 
Low Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=42) (N=63) {N=59) (N=164) 
Pretest Scores 
Sustainable M® 40.48 39.92 43.44 41.33 0.78 0.462 
practices SD° 16.44 17.37 15.35 16.41 
Energy  ^ 13.69 12.68 13.53 13.24 0.15 0.862 
conservation 10.03 11.67 9.51 10.47 
Profitability® 38.79 38.05 37.76 38.13 0.10 0.907 
11.19 12.78 10.51 11.53 
Mean 30.98 30.22 31.58 30.90 0.25 0.783 
10.84 11.79 9.45 10.70 
• 
Posttest Scores 
Sustainable 50.81 55.35 56.98 54.77 1.99 0.141 
practices 18.91 14.32 14.32 15.71 
Energy  ^ 17.02 21.06 21.85 20.31 3.25 0.041 
conservation 12.42 9.40 8.04 9.96 
Profitability® 40.95 43.11 42.12 42.20 0.38 0.682 
16.71 10.61 10.47 12.36 
Mean 36.26 39.84 40.32 39.10 2.19 0.116 
12.67 9.26 9.32 10.33 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 33. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
V-vocabulary 
Sustainable 
agriculture 
component 
Iowa Tests of Development 
V 
Low Medium High 
Com­
posite 
F-
ratio 
F-
prdb. 
(N=43) (N=55) (N=66) (N=164) 
Pretest Scores 
Sustainable M^  36.44 41.24 44.59 41.33 3.30 0.039 
practices SD° 19.05 15.38 14.75 16.41 
Energy  ^ 11.53 13.45 14.18 13.24 0.85 0.430 
conservation 12.11 9.81 9.85 10.47 
Profitability® 36.56 39.04 38.41 38.13 0.59 0.558 
12.41 11.01 11.44 11.53 
Mean 28.18 31.24 32.39 30.90 2.09 0.127 
12.44 9.83 9.99 10.70 
• 
Posttest Scores 
Sustainable 50.60 53.87 58.24 54.77 3.30 0.039 
practices 18.24 16.19 12.73 15.71 
Energy  ^ 17.63 20.31 22.06 20.31 2.63 0.075 
conservation 13.07 9.64 7.32 9.96 
Profitability® 39.56 42.44 43.73 42.20 1.51 0.225 
16.36 9.84 11.08 12.36 
Mean 35.93 38.87 41.34 39.10 3.71 0.027 
11.90 10.17 8.86 10.33 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
H^ighest known scale value was 65. 
Highest known scale value was 50. 
162 
Table 34. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
Sl-sources of information 
Sustainable 
agriculture 
component 
Iowa Tests 
Low 
of Development 
SI 
Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=46) (N=58) (N=60) 
Pretest Scores 
(N=164) 
Sustainable 
practices 
M 35.37 
SD° 19.35 
40.83 
14.73 
46.38 
13.95 
41.33 
16.41 
6.29 0.002 
Energy  ^
conservation 
11.13 
12.26 
12.59 
9.97 
15.50 
9.10 
13.24 
10.47 
2.49 0.086 
Profitability 36.83 
12.97 
37.86 
11.94 
39.40 
9.92 
38.13 
11.53 
0.67 0.513 
Mean 27.78 
13.03 
30.43 
10.34 
33.76 
8 .22  
30.90 
10.70 
4.33 0.015 
Posttest Scores 
Sustainable 
practices 
50.30 
18.37 
53.00 
15.21 
59.92 
12.47 
54.77 
15.71 
5.76 0.004 
Energy  ^
conservation 
17.04 
13.43 
20.59 
8.55 
22.55 
7.26 
20.31 
9.96 
4.17 0.017 
Profitability 38.26 
15.58 
42.69 
11.25 
44.75 
9.78 
42.20 
12.36 
3.78 0.025 
Mean 35.20 
12.15 
38.76 
10.13 
42.41 
7.47 
39.10 
10.33 
6.83 0.001 
M^ = Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known scale value was 65. 
Highest known scale value was 50. 
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Table 35. Test for student pre- and posttest differences in sustainable 
agriculture knowledge by Iowa Tests of Development 
RT-reading total score 
Sustainable 
agriculture 
component 
Iowa Tests 
Low 
of Development 
RT 
Medium High 
Com­
posite 
F-
ratio 
F-
prob. 
(N=44) (N=63) (N=57) (N=164) 
Pretest Scores 
Sustainable M® 35.20 42.05 45.26 41.33 5.00 0.008 
practices SD° 18.09 14.07 16.36 16.41 
Energy  ^ 11.02 13.65 14.51 13.24 1.46 0.235 
conservation 11.94 9.82 9.83 10.47 
Profitability® 36.36 39.89 37.56 38.13 1.32 0.269 
11.04 12.50 10.70 11.53 
Mean 27.53 31.86 32.44 30.90 3.11 0.047 
11.79 10.01 10.17 10.70 
-
Posttest Scores 
Sustainable 48.41 56.17 58.14 54.77 5.45 0.005 
practices 18.75 13.96 13.69 15.71 
Energy  ^ 16.27 21.17 22.47 20.31 5.48 0.005 
conservation 13.36 8.21 7.68 9.96 
Profitability® 37.39 44.65 43.21 42.20 5.00 0.008 
16.17 9.66 10.70 12.36 
Mean 34.02 40.67 41.27 39.10 7.92 0.001 
12.37 8.69 9.03 10.33 
a 
= Mean. 
Highest known scale value was 80. 
S^D = Standard deviation. 
Highest known rjcale value was 65. 
Highest known scale value was 50. 
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Table 36. Correlations of student and teacher variables with student 
pretest and posttest scores 
Pretest Posttest 
Variable scores scores 
Teacher age 
prob. of 
Teacher computer knowledge 
Teacher sustainable knowledge 
Student academic achievement 
Student learning preference 
laboratories and shop 
Student ITED test SS 
(social studies) 
Student ITED test V 
(vocabulary) 
Student ITED test SI 
(sources of information) 
Student ITED test RT 
(reading total) 
Student ITED composite 
r 0.1609 0.0062 
N 162 162 
significance 0.041 0.938 
-0.2093 -0.1507 
162 162 
0.008 0.056 
0.1993 0.0922 
162 162 
0.011 0.243 
0.0943 0.1918 
162 162 
0.233 0.014 
0.2083 0.1021 
162 162 
0.008 0.196 
0.1443 0.1854 
162 162 
0.067 0.018 
0.1069 0.1747 
162 162 
0.176 0.026 
0.1622 0.2628 
162 162 
0.039 0.001 
0.1085 0.1760 
162 162 
0.169 0.025 
0.1102 0.2149 
162 162 
0.163 0.006 
Table 36. (Continued) 
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Pretest Posttest 
Variable scores scores 
Student gender r -0.004 -0.1731 
N 162 162 
prob. of significance 0.959 0.028 
Student residence 0.1548 0.2407 
162 162 
0.049 0.002 
Student pretest scores 0.6112 
162 
0.000 
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APPENDIX D. HUMAN SUBJECTS APPROVAL 
Information for Review of Research Involving Human Subjects 
Iowa Sta 167 NnHy 
(Please type and use the attached Instructions for completing this form) 
Experimental Evaluation of the Effectiveness of a Computer Programed 
1. Title of Project 
Instructional Unit on Sustainable Agriculture 
2. I agree to provide the proper surveillance of this |m)ject to insure that the rights and welfare of the human subjects are 
protected. I will rqport any adverse reactions to the committee. Additions to or changes in research procedures after the 
projecthasbeenqjprovedv^ be submitted to theconunitteeforreview. 
continuing more than one year. 
Gaylan G. Scofield 2/19/91 
Typed Nme of ftinc^Inveftigiiar Due 
Agriculture Ed. g Studies 201 Curtiss Hall 29A-SR72 
Depaitment Cimpgs Additu Cunpas Telephone 
3. Signatures of other investigators Date Relationship to Pr^çal Investigator 
4. Principal Investigator(s) (check all that apply) 
• Faculty • Staff £] Graduate Student • Undergraduate Student ' 
5. Project (check all that ^ly) 
• Research g] Thesis or dissertation • Class project • Independent Study (490,590, Honors project) 
6. Number of subjects (complete all that apply) 
# Adults, non-students __ # ISU student # minors under 14 other (explain) 
latL# minors 14-17 
7. Brief description of proposed research involving human subjects: (See instructions, Item 7. Use an additional page if 
needed.) 
See additional page for description of proposed reserach. 
lagreetorequestrenewalofapprovalforanyproject 
(Please do not send research, thesis, or dissertation proposals.) 
8. Informed Consent: • Signed informed consent will be obtained. (Attach a copy of your form.) 
E Modified informed consent will be obtained. (See instructions, item 8.) 
• Not applicable to this project 
9. Confidentiality of Data: Describe below the methods to be used to ensure the confidentiality of data obtained. (See 
instructions, item 9.) 168 
Schools and students taking part in the project will be identified by a code 
number. All analysis of the collected data will be by group scores rather than 
by idividal scores. All data will be destroyed after final analysis. 
10. What risks or discomfort will be part of the study? Will subjects in the research be placed at risk or incur discomfort? 
Describe any risks to the subjects and precautions that will be taken to minimize them. (The concqH of risk goes beyond 
physical risk and includes risks.to subjects' dignity and self>Te^)ect as well as psychological or emotional risk. See 
instructions, item 10.) 
None 
11. CHECK ALL of the following that tqiply to your research: 
• A. Medical clearance necessary tefore subjects can participate 
• B. Samples (Blood, tissue, etc.) from subjects 
• C. Administration of substances (foods, drugs, etc.) to subjects 
• D. Physical exercise or conditioning for subjects 
• E. Decq)tion of subjects 
• F. Subjects under 14 years of age and/or ^ Subjects 14-17 years of age 
• G. Subjects in institutions (nursing homes, prisons, etc.) 
• H. Research must be approved by another institution or agency (Attach letters of tqiproval) 
If you checked any of the items in 11, please complete the following in the space below (include any attachments): 
Items A « D Describe the procedures and note the safety precautions being taken. 
Item E Describe how subjects will be deceived; justify the deception; indicate the debriefing procedure, including 
the timing and information to be presented to subjects. 
Item F - For subjects under the age of 14, indicate how infcHmed consent from parents or legally authorized repre-
sentadves as well as from subjects will be obtained. 
Items G & H Specify the agency or institution that must approve the project. If subjects in any outside agency or 
institution are involved, approval must be obtained prior to beginning the research, and the letter of ai^roval 
should be filed. 
Checklist for Attachments and Time Schedule 
The following are attached (please check): 
12.13 Letter or written statement to subjects indicating clearly: 
a) purpose of the research 
b) the use of any identifier codes (names, #'s), how they will be used, and when they will be 
removed (see Item 17) 
c) an estimate of time needed fw participation in the research and the place 
d) if applicable, locadori of the research activity 
e) how you will ensure confldentiality 
0 in a longitudinal study, note when and how you will contact subjects later 
g) participation is vduntary; nonparticipation will not affect evaluations of the subject 
13. • Consent form (if applicable) 
14.0 Letter of apiHOval for research firom cooperating organizations or institutions (if applicable) 
15: g Data-gathering instruments 
16. Anticipated dates for contact with subjects: 
First Contact Last Contact 
3/15/91 5/30/91 
Month / Day/Yesr Month / Day/Yur 
17. If applicable: anticipated date that identifiers will be removed firom completed survey instruments and/or audio or visual 
tapes will be erased: 
6/30/91 
Month/Day/Year 
18. Signature of Departmental Executive Officer Date Department or Administrative Unit 
19. Decision of the University Human Subjects Review Committee: 
^^Project Approved Project Not Approved No Action Required 
Patr ic ia  M.  Ke i th  
Name of Committee Chairperson Date Signature of Committee Chairperson 
